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PCB fabrication up to 32 layers 
Min. tracing/spacing to 3mil/ 3mil 
Min. microvias to 0.1 mm 
Special PCBs-Aluminum, flex and HDI 
Prototype to mass production 
Full turnkey PCB assembly^^ 
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Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
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Tel: 01279 467799 
Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 
Web: www.quasarelectronics.co.uk 





All prices INCLUDE 20.0% VAT. Free UK delivery on orders over £50 
Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe (EU) - 
£12.95; Rest of World - £14.95 (up to 0.5Kg). 

Order online for reduced price Postage (from just £1!) 
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Quasar Electronics Limited. 

Please visit our online shop now for full details of over 1000 electronic kits, I visa 
projects, modules and publications. Discounts for bulk quantities. Etectron 


01279 


Card 

Sales Line 


467799 




We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £9.95 
18Vdc Power supply (661.121) £25.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 



USB & Serial Port PIC Programmer 

USB or Serial connection. 
Header cable for ICSP. 
Free Windows software. 
See website for PICs sup- 
ported. ZIF Socket & USB 
ead extra. 16-18Vdc. 

Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £64.95 
Assembled with ZIF socket Order Code: 


AS3149EZIF- £74.95 


USB PIC Programmer and Tutor Board 

This tutorial project 
board is all you need 
to take your first steps 
into Microchip PIC 
programming using a 
PIC16F882 (included). Later you can use it 
for more advanced programming. It programs 
all the devices a Microchip PICKIT2® can! 

You can use the free Microchip tools for the 
PICKit2™ and the MPLAB® IDE environment. 
Order Code: EDU10 - £55.96 




ATMEL 89xxxx Programmer 

Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 31 23 KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 

Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual + Program- 
ming Hardware (with LED 
test section) + Windows Software (Program, 
Read, Verify & Erase) + a rewritable 
PIC16F84A. 4 detailed examples provided for 
you to learn from. PC parallel port. 12Vdc. 

Kit Order Code: 3081 KT - £16.95 
Assembled Order Code: AS 3081 - £24.95 

PIC Programmer 
Board 

Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Serial port. Free Windows software. 
Kit Order Code: K8076 - £29.94 




PIC Programmer & Experimenter Board 

PIC Programmer & Experi- 
menter Board with test 
buttons and LED indicators 
to carry out educational 
experiments such as the 
supplied programming examples. Includes a 
16F627 Flash Microcontroller that can be 
reprogrammed up to 1000 times. Software to 
compile and program your source code is 
included. Supply: 12-15Vdc. 

Kit Order Code: K8048 - £23.94 
Assembled Order Code: VM1 11 - £39.12 



Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code 660.446UK £1 1 .52 



USB Experiment 
Interface Board 


5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs with 8 bit resolution. 
Kit Order Code: K8055N - £25.19 


Assembled Order Code: VM1 ION - £40.20 


2-Channel High Current UHF RC Set 

State-of-the-art high securi- 
ty. 2 channel. Momentary or 
latching relay output rated to 
switch up to 240Vac @ 10 
Amps. Range up to 40m. Up_ 
to 15 Tx’s can be learnt by 
one Rx (kit includes one Tx 
but more available separately). 3 indicator 
LEDs. Rx: PCB 88x60mm, supply 9-1 5Vdc. 
Kit Order Code: 8157KT - £49.95 
Assembled Order Code: AS8157 - £54.95 



Computer Temperature Data Logger 

Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
_ 200m+ from board. Wide 

range of tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £4.95 each 

Remote Control Via GSM Mo- 
bile Phone I 

Place next to a mobile phone (not » 
included). Allows toggle or auto- } 
timer control of 3A mains rated ^ 
output relay from any location 




Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 


4-Ch DTMF Telephone Relay Switcher 

Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- 
sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 



8-Ch Serial Port Isolated I/O Relay Module 

Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 



Infrared RC 12-Channel Relay Board 

Control 12 onboard relays with 
included infrared remote con- 
^^^^H^^trol unit. Toggle or momentary. 

15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 
Kit Order Code: 3142KT - £64.95 
Assembled Order Code: AS3142 - £74.95 



Audio DTMF Decoder and Display 

Detect DTMF tones from 
tape recorders, receivers, 

^ two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU375 ). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 
Assembled Order Code: AS31 53 - £49.95 


3x5Amp RGB LED Controller with RS232 

3 independent high power 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 8191 KT - £29.95 
Assembled Order Code: AS8191 - £39.95 









Here are a few of the most recent products 
added to our range. See website or join our 
email Newsletter for all the latest news. 

4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 

4 channel computer 
serial port tempera- 
ture monitor and 
relay controller. 

Four inputs for 
Dallas DS18S20 or 
DS18B20 digital 
thermometer sensors (£3.95 each). Four 
5A rated relay outputs are independent of 
sensor channels allowing flexibility to setup 
the linkage in any way you choose. Simple 
text string commands for reading tempera- 
ture and relay control via RS232 using a 
comms program like Windows HyperTermi- 
nal or our free Windows application. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 

40 Second Message Recorder 

Feature packed non- 
volatile 40 second mul- 
ti-message sound re- 
corder module using a 
high quality Winbond 
sound recorder IC. 

Standalone operation using just six 
onboard buttons or use onboard SPI inter- 
face. Record using built-in microphone or 
external line in. 8-24Vdc powered. Change 
a resistor for different recording dura- 
tion/sound quality. Sampling frequency 4- 
12 kHz. (120 second version also available) 
Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 

Bipolar Stepper Motor Chopper Driver 

Get better performance from your stepper 
motors with this dual full 
bridge motor driver based 
on SGS Thompson chips 
L297 & L298. Motor cur- 
rent for each phase set 
using on-board potentiom- 
eter. Rated to handle 
motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply volt- 
age. Provides all basic motor controls in- 
cluding full or half stepping of bipolar step- 
pers and direction control. Allows multiple 
driver synchronisation. Perfect for desktop 
CNC applications. 

Kit Order Code: 3187KT - £39.95 
Assembled Order Code: AS3187 - £49.95 

Video Signal Cleaner 

Digitally cleans the video 
signal and removes un- 
wanted distortion in video 
signal. In addition it stabi- 
lises picture quality and 
luminance fluctuations. 

You will also benefit from 
improved picture quality on LCD monitors 
or projectors. 

Kit Order Code: K8036 - £24.70 
Assembled Order Code: VM106 - £36.53 






Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 

Control the speed of 
almost any common DC 
motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067 KT - £19.95 
Assembled Order Code: AS3067 - £27.95 

Bidirectional DC Motor Speed Controller 

Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both the 
forward and reverse 
direction. The range of 
control is from fully OFF to fully ON in both 
directions. The direction and speed are con- 
trolled using a single potentiometer. Screw 
terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 

Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 

Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179 - £24.95 

Computer Controlled Bi-Polar Stepper 
Motor Driver 

Drive any 5-50Vdc, 5 Amp 
bi-polar stepper motor using 
externally supplied 5V lev- 
els for STEP and DIREC- 
TION control. Opto-isolated 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 







AC Motor Speed Controller (600W) 

Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or 230V AC 
single phase induction 
motor rated up to 600 
Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suita- 
ble for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 
Assembled Order Code: AS1074 - £23.95 


See website for lots more DC, AC 
and stepper motor drivers! 
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Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


130-in-1 Electronic Project Lab 

Get started on the 
road to a great 
hobby or career in 
electronics. Con- 
tains all the parts 
and instructions to 
assemble 130 educational and fun experi- 
ments and circuits. Build a radio, AM broad- 
cast station, electronic organ, kitchen timer, 
logic circuits and more. Built-in speaker, 7- 
segment LED display, two integrated circuits 
and rotary controls. Manual has individual 
circuit explanations, schematic and connec- 
tion diagrams. Requires 6 x AA batteries (not 
included). Suitable for age 14+. 

Order Code EPL130 - £55.95 
Also available: 30-in-1 £24.95, 50-in-1 
£33.95, 75-in-1 £45.95, 200-in-1 £65.95, 300- 
in-1 £89.95, 500-in-1 £199.95 



We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 240MS/S 

Features 2 input chan- 
nels - high contrast LCD 
with white backlight - full 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 
screen - trigger mode: 
run - normal - once - roll ... - adjustable trig- 
ger level and slope and much more. 

Order Code: APS230 - £374.95 £249.95 





Handheld Personal Scope with USB 

Designed by electronics enthusiasts for elec- 
tronics enthusiasts! Powerful, 
compact and USB connectivity, 
this sums up the features of this 
oscilloscope. 

40 MHz sampling rate, 12 MHz ^ 
analog bandwith, 0.1 mV sensitivity, 5mV to 
20V/div in 12 steps, 50ns to 1 hour/div time 
base in 34 steps, ultra fast full auto set up 
option, adjustable trigger level, X and Y posi- 
tion signal shift, DVM readout and more... 
Order Code: HPS50 - £289^£203.95 

See website for more super deals! 



vvwov. quassre/ectron/cs. co. uk 


Secure Online Ordering Facilities • Full Product Listing, Descriptions & Photos • Kit Documentation & Software Downloads 
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Well you can - just take out a one year subscription and savet:i|pan Issue, or I*K:t»lover t he year. 

You can even save £1.08 an issue if you subscribe for two years’ a total saving of 

Overseas rates also represent exceptional value^^^^_ 

You also: 

* Avoid any cover price increase for the duration of your subscription 

* Get your magazine delivered to your door each month 

* Ensure your copy, even if the newsagents sell out 

Order by phone or fax with a credit card or by post with a cheque or postal order, or buy online from www. 
epemag.com (go to the Online Shop). 



EVERYDAY PRACTICAL 

ELECTRONICS, 


SUBSCRIPTION PRICES 

Subscriptions for delivery direct to any address in 
the UK: 6 months £23.50, 12 months £43.00, two 
years £79.50; Europe Airmail: 6 months £27.00, 
12 months £50.00, 24 months £95.00; Rest Of The 
World Airmail: 6 months £37.00, 1 2 months £70.00, 
24 months £135.00. 

Cheques or bank drafts (in £ sterling only) payable 
to Everyday Practical Electronics and sent to 
EPE Subs. Dept., Wimborne Publishing Ltd., 113 
Lynwood Drive, Merley, Wimborne, Dorset, BH21 
1UU. Tel: 01202 880299. Fax: 01202 843233. 
Email: subs@wimborne.co.uk. Also via the Web at: 
www.epemag.com. 

Subscriptions start with the next available issue. 
We accept MasterCard, Maestro or Visa. (For past 
issues see the Back Issues page.) 

ONLINE SUBSCRIPTIONS 

Online subscriptions, for reading the magazine via 
the Internet, £19.99 for one year, visit www.epemag. 
com for more details. 


SUBSCRIPTION ORDER 
FORM 

□ 6 Months: UK £23.50, Europe £27.00 (Airmail), Rest Of The 
World £37.00 (Airmail) 

□ 1 Year: UK £43.00, Europe £50.00 (Airmail), Rest Of The 

World £70.00 (Airmail) 

□ 2 Years: UK £79.50, Europe £95.00 (Airmail), Rest Of The 

World £135.00 (Airmail) 

To: Everyday Practical Electronics, 

Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU 
Tel: 01202 880299 Fax: 01202 843233 
E-mail: subs@epemag.wimborne.co.uk 

I enclose payment of £ (cheque/PO in £ sterling 

only), payable to Everyday Practical Electronics 

□ Please charge my Visa/Mastercard/Maestro 
My card number is: 

Please print clearly, and check that you have the number correct 

Signature 

Card Security Code Valid From Date 

(The last 3 digits on or just under the signature strip) 

Card Ex. Date Maestro Issue No 


Name .... 
Address . 


Post code Tel. 

Subscriptions can only start with 
the next available issue. 


¥fSA 
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Hobbyists: Vero supports you! 

Prototyping boards, terminal pins, test points and enclosures 
All UK manufactured: see our complete range at verotl.com 


Veroboard - the original, and still the best 

• Stripboard, square pad board and many other designs 

• Many different sizes 

• www.verotl.com/en/category/veroboard 








Test points and terminal pins 

• PTH and SMT test points 

• Many different terminal pin designs 

• www.verotl.com/en/category/test-points 

Plastic enclosures 

• Small, hand-held and desktop designs 

• IP rated water and dust protection 
^ • Solid and translucent colours 

• www.verotl.com/en/category/plastic-enclosures 


Call 01489 776933 or mail sales@verotech.co.uk to discuss your project. 


Order standard products ex stock online at verotl.com. 
Pay by credit card or PayPal 


TECHNOLOGIES 


The European reference for 
PCB prototypes and small series 

It doesn't have to cost the earth to have 
a professional looking Pr''i for your project 


Online tools to verify your design 
and immediately see your price, 
with full Local UK support to help 
and guide you 


Professional bench-top prototype and 
small series soldering and testing equipment 

• eC-stencil-mate 

• eC-reflow-mate 

• eC-pre-heater 

• eC-test-mate 



Production-quality 
^^soldering consumables 
prototype sizes 

1 






The most popular 
CAD-software in Europe 

■ pM\3LCJ 

Purchase your CAD software at the same 
time through your account giving seamless 
compatibility 


www.eurocircuits.com 
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Arduino Starter Kit 

Genuine Arduino Starter kit which comprises of a 170 page instruction manual, 
Arduino UNO Board, Breadboard, components & more. 

The kit walks you through the Arduino programming and basic electronics in 
a hands on way. You will be able to build 15 projects using the components 
supplied. They allow you to control the physical world through different kinds 
of sensors and actuators. Once you have mastered this knowledge, you will 
have the ability and circuits to create something beautiful, and make someone 
smile with what you invent. So build, hack and share! 


The Arduino Starter kit is the ideal partner for anyone following the Teach-In 2016 
which started in the February 2016 issue of EPE Everyday Practical Electronics. 


£ 69.90 

Inc Delivery* & VAT 




tor 



This Starter kit is supplied with a Wood base, USB & Interconnect leads. Electric motor. Piezo sounder. Movement 
and Temperature sensors. Switches, LCD, Breadboard & Servo motor. The kit also includes over 100 electronic com- 
ponents:- Diodes, Transistors, Capacitors, h-Bridge, Resistors, LED's, Switches and Trimmers. Quote: EPEARDSK 



Offical Arduino Dealer 

Genuine Arduino UNO 
from £l8e98 + p&p ahouiho 
Wide range of Boards,Shields & Accessories 


HPS140i Oscilloscope 

The HPS140i Oscilloscope packs al lot of power in 
a tiny box. Now you can really take a powerful os- 
cilloscope everywhere. These features make the 
HPS140 indispensable to the professional user, 
service centres and even to the hobbyist. Supplied 
with a probe. 


* 40Mhz real time sample rate 

* Full auto range option 

* Hold & store function 

* Operates up to 6 hours on 
one charge 

* Scope Lead and Charger 
Supplied 

Quote: EPEHPS 


£ 99.60 

Inc Delivery* & VAT 



HPG1 Function Generator 

A complete pocket function generator. 
Now you can take test signals on the 
move, 3 waveforms can be selected. Set 
the output voltage or frequency and se- 
lect signal waveform using the on the 
screen menu. A powerful sweep function 
is also included. 

* Frequency range: 1 Hz to 1 .OOO.OOOHz 

* Frequency steps: 1 Hz, lOHz, lOOHz, 

1 kHz and 1 OkHz 

* Sine, square and triangle wave forms 

* Runs on NiMH rechargeable battery 
pack (includeed) 

* BNC Lead and Charger Included. 

iQuote: EPEHPG 



£ 87.60 

Inc Delivery* & VAT 


2.4GHz Frequency Counter 

0.01Hzto2.4GHz 
8 Digit LED Display 
Gate Time: 100ms to 10s 
2 Channel Operating mode 
Power Supply: 1 1 0-220Vac 5W 
Quote: EPE24G f ^ ^ 

£ 81.00 
Inc Delivery* & VAT 



30V 5A Programmable PSU 

Dual LED (Voltage & Current) Displays 
Course & Fine Voltage /Current Adjustment 
Volatge or Current Limiting. 

* 5 Memories 

* PC Link via USB 
or RS232 

*Output: 

0-30Vdc 
0-5A 


Quote: EPEPSU 




Build your own Oscilloscope 

A new self assembly kit, ideal for education and way to visualise sig- 
nals. Features: Markers, Frequency, dB, True RMS readouts 
Timebase range: 

1 0/is-500ms/division (15 steps)^ 

Input sensitvity: 

1 00mV-5V/division (6 steps) 

Max Input voltage: 30Vpp 
Max Sample Rate: 

Ims/s repetitive signal, 
lOOks/s real time signal 
Dim: 80 X 1 1 5 X 40m m^ 


£ 99.90 

Inc Delivery* & VAT 


Quote: EPESCOPE 



£ 49.99 

Inc Delivery* & VAT 


Tcis 0191 25 1 4363 Electronic Components LtcMjJ^ 

- * Station Road^ psa 

Fax: 0191 2522296 Cullercoats, Tyne & 

sales@esr.CO.uk Wear. NE30 4P0 


Prices INCLUDE Delivery* & VAT. 
*Delivery to any UK Mainland address, 
please call for delivery options for 
Highland & Island, Northern Ireland 
Ireland, Isle of Man, Isle of Wight & 
Channel Islands 
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Happy New Year! 

This may be the March issue, but I’m writing on New Year’s Day, so it seems 
a good opportunity to wish all our readers the very best for 2016. 

In the December issue I gave a very brief run down of some of the electronic 
delights awaiting you in 2016 - top of the list for me has to be the current 
Arduino Teach-In series from Mike and Richard Tooley. It is true that the 
Ardunio lacks the ‘fire power’ of a high-end microcontroller like the latest 
PIC devices, but often such devices are overkill. If you just need to add 
some ‘smarts’ to a project to monitor slow-moving data, or run a display 
then the Arduino is the prefect choice to get you up and running quickly. 

So much for EPE, but what about the rest of the tech world? Well, although 
I agree with Nils Bohr, the Danish Nobel laureate in Physics, who wisely 
noted, ‘prediction is very difficult, especially if it’s about the future’, here 
are two trends that I will be watching closely - electric vehicles and smart 
watches. 


The car’s the star 

Last year, the world’s automotive industry produced over 90 million 
vehicles, generating £6 trillion of revenue. In the US alone, half a trillion 
litres of petrol were used. However, despite the internal combustion 
engine’s immense popularity and the current low price of oil, the incentives 
and pressure to go electric will only increase. We may be clever at finding 
new ways to extract oil, but sooner or later it will run out, and of course 
the elephant in the room is pollution and climate change. We know how 
to make low-impact electricity, an enormous distribution network already 
exists and the outlook for batteries gets better every year. Could this be the 
year electric cars take off? I honestly don’t know, but I do know that more 
and more high-volume manufacturers are taking electric vehicles very 
seriously indeed. ‘EVs’ are definitely on the horizon, perhaps 2016 will 
bring the charging and storage solution that is the crucial game changer. 



Smart watch or health monitor? 

I like my Apple Watch; it has some nice apps, but I would never pretend 
it has had the same effect on my working and social life as an iPhone. 
However, I am sure Apple has big plans for their little wearable. Top of 
the list for me will be comprehensive health monitoring. If you think the 
automotive industry is big, then look at the health sector. 17% of US GDP 
is spent on health, and even in austerity Britain it is 9%. My guess is that 
Apple will add more health-monitoring sensors to their watch in its next 
iteration and in the longer term you will be able to get your GP to insert a 
blood monitor the size of a grain of rice just under your skin that will talk to 
the watch. The effect on diabetes management alone could be staggering. 

With all due respect to Nils Bohr, those are my ideas - what about yours? 





A roundup of the latest Everyday News 
from the world of 


electronics 



Broadcasters face online challenges - report by Barry Fox 


O nline TV viewing is fast 
becoming a way of life. Even the 
BBC, despite its name - the British 
Broadcasting Corporation - is taking 
BBC3 off-air and putting it online. 
Ahead of Christmas, UK regulator 
Ofcom was predicting that 70% (31 
million] of UK adults would watch 
TV using free-to-air catch-up services 
such as BBC iPlayer and ITV Hub in 
December, putting the UK ahead of 
all other major European countries 
the US, Japan and Australia. 

Whether the Internet can sup- 
port the ever-increasing traffic load 
remains to be seen. And 
the downside of buying 
hardware with built-in 
online viewing options is 
now starting to emerge. 

Amazon Prime and PS3 

The Amazon Prime app, 
which came with Samsung 
‘smart’ TVs, has now been 
disabled on some models, 
and owners have been ad- 
vised to buy a bolt-on hard- 
ware solution if they want 
to continue watching. Amazon took 
the shutdown as an opportunity to 
offer special deals on its range of 
Fire TV devices. 

Owners of Sony PS3 consoles can 
no longer use the built-in ITV catch- 
up service. Says a spokesman for 
ITV, cheerily: ‘We’ve now closed 
ITV Player on Playstation 3, so we 
can focus on developing the ITV 
Hub for a wide variety of platforms. 
Don’t worry; you can still catch up 
on all your favourite shows via desk- 
top, our mobile and tablet apps, and 
a variety of Smart TV’s. Sorry for the 
disappointment’ . 

Online piracy 

Although the content providers 
do benefit financially from putting 
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programmes online, rather than pro- 
ducing discs that have to be pressed, 
packaged, stored and shipped - and 
which pirates can copy - they now 
face a new threat, online piracy. Ac- 
cording to computer security spe- 
cialists McAfee Labs (now owned 
by Intel], hackers are now selling 
stolen subscriptions to online video 
services including Netflix and HBO. 

HDMi ioophoie 

The use of bolt-on online boxes, con- 
nected to a TV by HDMI cable, cre- 
ates a gaping security gap. Although 


the HDMI connection is copy-pro- 
tected by Intel’s HDCP (High-band- 
width Digital Content Protection] it’s 
easy to buy black boxes that convert 
a digital HDMI stream to analogue 
High Definition Component video, 
which is unprotected and easily 
captured like console gameplay as 
digital video with a PC. 

Ironically, Amazon sells devices 
that can copy its own Prime content! 

Can the industry tackle 
the problem? 

The European Content Protection 
Summit, held recently in London, 
showed a sobering lack of technical 
understanding on these issues. 

A panel session on ‘How Secure 
are Secure Distribution Platforms?’ 


gathered some heavyweight experts: 
Andre Roy, Head of Security Prac- 
tice at Farncombe; Richard Atkin- 
son, ex-Disney and Global Director 
on Piracy at Adobe, and Chairman 
of the industry Content Delivery & 
Security Association (CDS A]; Robin 
Boldon, Director of Digital Distribu- 
tion, BBC Worldwide; and David 
Whittaker, Director of Business De- 
velopment at Cisco. 

1 asked the panel what had hap- 
pened to Cinavia, the clever system 
which buries inaudible codes in the 
sound of any content. The codes 
then trigger the shutdown 
of any playback device that 
is Cinavia-enabled. All Blu- 
ray players (and consoles] 
are enabled and the system 
works very efficiently. 

The Panel passed the 
question to Richard Atkin- 
son, who started talking 
dismissively about ‘a non- 
standard disc and player’. 
Someone in the audience 
reminded him that he was 
talking about a completely 
different system called Cinea, which 
was briefly used to protect content 
given to Academy Award judges. 

Finally, remembering what Cina- 
via was, Atkinson then said the ‘in- 
dustry had not been able to unify’ 
because there had been ‘challenges 
over licensing and cost to the com- 
panies’, and ‘unless it’s an industry 
standard and everybody does it and 
Microsoft doesn’t want to put it in 
Windows’ because ‘if discs don’t 
play, people blame Microsoft’. 

‘It was difficult to get all players 
to the table and it’s difficult to cre- 
ate an industry standard’, Atkinson 
continued. ‘Disney did incorporate 
it for a while but the industry didn’t 
rally round and these things fall by 
the wayside’. 
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Freeview- 


Some broadcast content is deliberately free, 
cable industry tackle online piracy? 


but how will the TV and 



Not just a pretty face 

T hanks to quartz crystals we are 
so used to electronic watches 
being accurate that it is easy to miss 
one of the key features of the Apple 
Watch - its precise timekeeping. 
Apple claims it keeps within 50ms 
of the global time standard and is 
so accurate that the hands of two 
Apple Watches placed next to one 
another will move in 
perfect unison. This 
is achieved primarily 
through 15 Network 
Time Protocol (NTP) 
servers that Apple 
has around the world, 
with GPS antennas 
that connect to GPS 
satellites broadcasting 
time data from the US 
Naval Observatory in 
Washington DG. (The 
Observatory houses an 
atomic clock.) 


Apple’s time servers communicate 
the time to iPhones across the world, 
and the iPhone in turn syncs with the 
Apple Watch via Bluetooth to provide 
the exact time. Gommunicating a GPS 
signal from a server to an iPhone to 
an Apple Watch over Bluetooth has 
its own delays, which Apple corrects 
for via software. Apple’s NTP servers 
make sure iPhones and Apple Watch- 
es keep time at ‘Stratum One’ accu- 
racy, within milliseconds 
of ‘Stratum Zero’ devices. 

On top of this, ev- 
ery Apple Watch has a 
temperature-controlled 
crystal oscillator to off- 
set time drift. The oscil- 
lator also makes sure the 
Apple Watch remains 
warm enough to keep 
accurate time in very 
cold climates. Thanks to 
this hardware, the Apple 
Watch is even more ac- 
curate than the iPhone. 



The power of pee 



Essential footw are for when you need just a little juice to power to send 
some wearable or portable electronics 


F ancy running your Wii on wee? 

Well, that maybe a few watts 
too much at the moment, but the 
principle has been developed at the 
University of the West of England 
(UWE) in Bristol. They have built a 
wearable energy generator that uses 
urine to power a wireless transmitter. 

A pair of socks embedded with min- 
iaturised microbial fuel cells (MEGs) 
and fuelled with urine pumped by 
the wearer’s footsteps has powered 
a wireless transmitter to send a sig- 
nal to a PG. This is the first self-suffi- 
cient system powered by a wearable 
energy generator based on microbial 
fuel cell technology. 

Normally, continuous-flow MEGs 
would rely on a mains-powered 
pump to circulate the urine over the 
microbial fuel cells, but this experi- 
ment relied solely on human activ- 
ity. The manual pump was based 


on a simple fish cir- 
culatory system and 
the action of walking 
caused the urine to 
pass over the MEGs 
and generate energy. 
Soft tubes, placed un- 
der the heels, ensured 
frequent fluid push- 
pull by walking. The 
wearable MEG sys- 
tem successfully ran a 
wireless transmission 
board, which was able 
a message ev- 
ery two minutes to the 
PG-controlled receiver module. 

Designer Dr leropoulos says, ‘Having 
already powered a mobile phone with 
MEGs using urine as fuel, we wanted 
to see if we could replicate this suc- 
cess in wearable technology. We also 
wanted the system to be entirely self- 
sufficient, running only on human 
power - using urine as fuel and the 
action of the foot as the pump.’ 

MEGs use bacteria to generate elec- 
tricity from waste fluids. They tap 
into the biochemical energy used 
for microbial growth and convert it 
directly into electricity. This tech- 
nology can use any form of organic 
waste and turn it into useful energy 
without relying on fossil fuels, mak- 
ing this a valuable green technology. 

The Gentre has recently launched a 
prototype urinal in partnership with 
Oxfam that uses pee-power technolo- 
gy to light cubicles in refugee camps. 
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Tiny 3-axis acceierometer 



U s company mGube has 
shrunk the size of its tri-axis 
accelerometer to 1.1mm by 1.1mm 
by 0.74mm in height - smaller than 
a grain of sand. 

The device is built upon the com- 
pany’s 3D monolithic single-chip 
MEMS technology platform which 
combines MEMS and GMOS using 
through-silicon vias (TSVs) to mi- 
nimise or eliminate the use of wire- 
bonds. 8, 10, or 14-bit resolution op- 
tions are available, with output data 
rates up to 1024Hz and selectable 
interrupt modes via an PG bus. 


New Picoscope 
software launched 

P G oscilloscope manufacturer 
Pico Technology has introduced 
Release 6.11.7 of its PicoScope 
software. 

‘The new version addresses many 
challenges with the addition of math- 
ematical waveform processing tools, 
decoding of popular serial protocols, 
and improvements to EET frequen- 
cy domain plotting. Eor users with 
touchscreens, Pico has introduced 
pinch and zoom support to enable 
easy panning and positioning of cap- 
tured waveforms’, said Trevor Smith, 
Business Development Manager for 
Test & Measurement products at Pico. 

Advanced waveform mathematics 
now includes user-configurable fil- 
ters: high pass, low pass, band pass 
and band stop. 

Erequency and duty cycle versus 
time plotting is a new feature. With 
those plots it is possible to measure 
clock jitter and wander, modulation 
depth and characteristics of EM sig- 
nals on a cycle-by-cycle basis. 

PicoScope has support for a total 
of sixteen bus protocols, including 
SENT, 10- and 100BASE-T Ethernet, 
DMX512 (lighting systems) and DGG 
(model railways). Support for older 
standards such as PG, SPl, GAN and 
UART / RS-232 has been updated 
and improved. 

Download the latest version from: 

www.picotech.com/downloads 
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Analog is Everywhere 



Power Management 

Thermal Management 

► DC/DC Conversion 

► Temperature sensors 

► System supervisors 

► Fan controllers 

► Battery charging 

Signal Conditioning 

► Power measurement 

► Op Amps 

Interface 

► Comparators 

► CAN, LIN, USB, PC,SPI, IrDA® 

► ADCs and DACs 

► Ethernet 

► Digital potentiometers 

Safety and Security 

► Instrumentation amps 

► Smoke Detection ICs (standard and 

LED Lighting 

custom) 

► Off-line 

► Piezoelectric horn drivers 

► DC/DC 



microchip 



vilw w.i"k- I.. I i-ctIriBCJt.cam 


Microchip 

www.microchip.com/analog 


The Microchip name and logo and the Microchip logo are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the property of their registered owners. 
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The mysterious 
mag amp 


nfechnoTalK ^ 

k. A 



Mark Nelson 


Genuine experts will know that there ’s nothing mysterious about mag amps , but even they will concede 
that most people have never heard of theses devices . If you’re one of the latter, suspend your s cepticism 
for a moment and read on, as Mark Nelson peels away the layers of obs curity. 


L ET’S GO BACK TO ABSOLUTE 
basics this month, the kind of 
fundamentals you were taught back in 
the last century when you took your 
rst faltering steps in the new world of 
electronics. One of the rst concepts 
you learnt was the ampli cation of 
voltages and currents, and power 
and decibels. Your teacher almost 
certainly explained that electronic 
ampli ers came in two sorts, hollow 
state, using thermionic devices 
(valves or tubes), and solid-state, 
employing transistors and integrated 
circuits. My apologies if this all 
sounds a bit too basic, but I have to 
set the scene rst and I imagine that 
your mentor never mentioned there 
was any other kind of ampli er. 

The third way 

But just as in politics, there is in fact 
a third way, known as the ‘magnetic 
ampli er’ (‘mag amp’ for short). 
Actually, there is also a fourth way, 
but we’ll come to that at the end of 
this article. 

In some circles, the magnetic 
ampli er holds a position of near- 
mystical status and is considered 
by some as a ‘lost technology’ on a 
par with Nikola Tesla’s scheme for 
distributing electrical power through 
the ether or his frightening directed 
energy weapon (https://en.wikipedia. 
org/wiki/Nikola_Tesla). Though 

discovered about 100 years ago 
and appearing in the literature by 
name as early as 1916, the magnetic 
ampli er has been long forgotten by 
electronicists. The advent of rst the 
vacuum tube and then the transistor, 
each with faster response and 
apparently more ef cient operation, 
completely overshadowed the use of 
saturable devices (and there, I have 
just dropped in a clue as to how the 
magnetic ampli er operates). So, how 
does it work and what can it do? 

Weird and wonderful 
Even though I’d not heard of mag 
amps until two days ago, Wikipedia 
knew about it all along (https:// 
en.wikipedia.org/wiki/Magnetic_ 
amplifier). Summarising what is said - 
although a mag amp device looks like 
a transformer, its operating principle 
is entirely different. The mag amp is 
in effect a ‘saturable reactor’, a device 


that has been supplanted by thyristor 
controls using triacs or silicon 
controller recti ers (SCRs). 

Your typical magnetic ampli er will 
consist of two physically separate 
transformer magnetic cores, each 
having two windings: a control 

winding and a power winding. The 
amount of control current fed into 
the control winding sets the point in 
the power winding’s AC waveform 
at which either core will saturate. In 
saturation, the AC winding on the 
saturated core will go from a high- 
impedance state (let’s call this ‘off’) 
into a very low-impedance state (‘on’). 
In other words, the control current 
determines at which voltage the mag 
amp switches ‘on’. Consequently a 
relatively small DC current in the 
‘control’ winding can control or 
switch large AC currents in the AC 
‘power’ windings. This results in 
current ampli cation. 

Cons and pros 

So what’s not to like? In a mag amp 
the gain available from a single stage is 
limited and low compared to electronic 
ampli ers. The frequency response of a 
high-gain ampli er is limited to about 
one-tenth of the excitation frequency. 
Solid-state electronic ampli ers can 
be more compact and ef cient than 
magnetic ampli ers. 

On the plus side, the magnetic 
ampli er is extremely robust, 
with no moving parts, no wear-out 
mechanism, no warm-up time and 
good tolerance to mechanical shock 
and vibration. The coils have a higher 
tolerance to momentary overloads 
than comparable solid-state devices, 
while the cores can withstand neutron 
radiation extremely well, making 
them suited to applications in nuclear 
electronics (nucleonics). 

Mag amps have found many uses 
over the years, not all of them in the 
dim and distant past. During the very 
early days of speech radio, mag amps 
were employed as the modulation 
and control ampli er. They were also 
used in the stabiliser controls of the 
V2 rocket terror weapons of World 
War Two. In more recent times, the 
Concorde airliner made use of this 
technology for controlling engine 
air intakes before development of a 
system using digital electronics. Mag 


amps were used extensively in early 
switched-mode power supplies, and 
ATX-type power supplies in PCs 
often use mag amps for secondary 
side voltage regulation. 

To write off the mag amp as an 
irrelevant side alley of electronic 
development would be wrong in 
my opinion, and the technology was 
held in high regard in the days before 
high-power solid-state devices were 
available. You can read a fulsome 
US government report on mag amps 
at: http://teslapress.com/magamp. 

pdf and another that argued ‘the 
magnetic ampli er is returning as a 
real competitor to the vacuum tube’ at: 
http : //tinyurl . c om/hl4zqd 2 

The fourth way 

Yes dear reader, there is indeed a 
fourth way, although you’ll probably 
accuse me of stretching the facts when 
I describe it. That’s because we’re 
talking about mechanical ampli ers, 
which although used (mainly) in 
systems that we would now classify 
as electronic, did not employ any 
electronic mechanism. Mechanical 
ampli ers do deserve a mention, so 
here we go. 

In the early days of public address 
systems, before thermionic valves were 
suf ciently powerful or robust, several 

rms devised systems that operated 
mechanically using compressed 
air and a vast ‘fog horn’, all driven 
by an electric compressor (www. 
douglas-self.com/MUSEUM/GOMMS/ 
auxetophone/auxetoph.htm). One was 
used on the London Underground 
to tell passengers to ‘Keep moving!’; 
see the photo at: http://tinyurl.com/ 
z2ytsda. These devices must be seen 
to be believed ! 

Another kind of mechanical ampli er 
was used in telephone circuits;this was 
effectively a sensitive earpiece placed 
in front of a sensitive microphone, all 
enclosed in a soundproof wooden box. 
These ampli ers worked reasonably 
well and items of this kind, made by 
SG Brown, were used by the British 
army in World War One. They turn up 
on eBay quite regularly and fetch fairly 
elevated high prices (£110 in July 
2015, item 252003029569). There’s 
one to be seen in a virtual museum 
at: www.douglas-self.com/MUSEUM/ 
COMMS/mechamp/mechamp.htm 
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Constructional Project 



This 6~digif Nixie Clock includes features such as GPS-locked 


time, date display, 7-day alarm, auto-dimming, 12/24 hour 


time and optional leading-zero blanking. Having described the 


circuit and software operation in Part 1 last month, this time we 


describe how to put the kit together. 
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Constructional Project 



* 1 27k 1W \ * 


<S TI 80 ^ 




UPPER 

(DISPLAY) 

BOARD 
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44 X 27k RESJSTORS CONNECT BETWEEN THESE SLOHED PADS AND THOSE ALONG FRONT OF LOWER PCB 




CON10 
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^ RESISTORS FROM UPPER PCB CONNECT TO THESE SLOHED PADS ^ 


Fig.3: follow this PCB layout and wiring diagram to build the Nixie Clock. The sockets on the upper hoard are made from 
snapped sections of socket strip - note how they are arranged. The GPS module connections shown are for the Fastrax 
UP501; other modules will require different connections so refer to Fig.5 or the appropriate data sheet and observe the 
connector pin labelling. Once the two boards are joined by four spacers, the six wires between them can be connected 
and the 44 x 27kO resistors soldered into the slots along the front. Don’t forget to add the lOkO 0.25 W resistor between 
pins 1 and 2 of CONS on the underside of the PCB. 


HE NIXIE CLOCK COMES exclu- 
sively as a kit from Gless Audio 
and there are various options, eg, 
whether or not the case is included. 
Regardless of which kit you choose, 
you will need to begin by building the 
two boards and joining them together. 

Start by checking the slots along the 
front of the two double-sided boards. 
Due to the way the slots are made, 
some may be partially blocked with 
copper fragments. If so, use a small 
piece of stiff wire to clear them out. 

Now fit the small (0.25W and 0.5W) 
resistors on both boards. Use parts 


layout diagram Fig.3 to guide you. 
It’s a good idea to measure the resis- 
tors with a DMM before fitting them 
because resistor colour code bands can 
be hard to read. 

You will be left with a number of 
27k resistors. While two of these 
are fitted to the lower board, the rest 
will later be soldered between the two 
boards, so set them aside for now. 

Finishing the upper PCB 

Note that the upper board shown in 
Fig.3 has been changed slightly from 
the original and it’s possible you could 


get an earlier revision in the kit (the 
same one used in our photos). You can 
ignore the differences as they don’t 
affect operation in the slightest. 

Proceed to solder the eight IW 
resistors in place on the upper board, 
as shown in Fig.3. Then, carefully snap 
the two 40-pin socket strips into 36 
sections with two pins and then snap 
six single pins off the remaining strips. 
These form the Nixie tube sockets, 
arranged as shown in Fig.3. 

Check after soldering that each 
section is sitting right down on the 
PCB. 
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Constructional Project 



Fig.4: four components are soldered 
to the underside of the lower PCB , as 
shown here. Note that two different 
sets of pads are provided for the 
sup ere ap to suit different brands. 
The capacitor supplied with the kit 
is likely to use the outer pair. The 
small piece of hlack card is glued 
into place once all four of the parts 
shown have heen fitted. 


The 44 high-voltage transistors 
can he installed next. These are all 
the same type. MPSA42 types will 
probably be supplied but MPSA44 
and 2N6517 are valid alternatives. 
Note that there are several other 
similar-looking devices in the kit, so 
put those aside first. 

Fit all 44 transistors on the upper 
board with the same orientation, ie, flat 
side to the right, as shown in Fig. 3. You 
will need to crank the leads out using 
small pliers to suit the pad spacings 
on the PCB. Make sure that they are 



The top PCB carries the six Nixie tube sockets (see text), the two neon lamps, the 
44 segment-driver transistors and the six blue LEDs which illuminate the bases 
of the Nixie tubes. Check that all parts are correctly seated and oriented before 
soldering their leads and note that the six LEDs are mounted on the bottom of 
the PCB (see photo on facing page). 


all pushed down fully before soldering 
- if they aren’t, when you go to fit the 
perspex cover later, you will find that 
it can’t be screwed down properly. 

Next come the six blue LEDs. These 
poke up through a hole in the middle 
of each socket but are actually fitted 
on the underside of the board and 
soldered to pads near the top edge. 

Start by bending one of the LED’s 
leads down by 90° about 3mm from 
its body, at the same time ensuring 
that its polaity will be correct when 
it is mounted in position (see Eig.3). 
That done, cut a couple of lengths 
of small diameter heatshrink tubing 
and slip them over the leads so that 
they are insulated all the way from 
the LED’s lens until just before they 
reach its two solder pads. It’s then just 
a matter of bending the ends of the 
leads up to pass through these pads 


before shrinking the tubing down and 
soldering the leads in place. 

Repeat this procedure for the other 
five LEDs, checking the orientation 
in each case. The photo on the facing 
page shows the details. 

Finally, fit the two neon lamps. 
These are installed with the bottom of 
the glass envelopes 10mm above the 
top of the PCB and with the exposed 
leads covered with heatshrink tubing. 




In the parts list last month, we left 
out the 28-pin DIL socket for the 
microcontroller (IC1). Also, the 
case is held together with 1 6 self- 
tapping screws rather than the 12 
specified and it also includes four 
stick-on feet. 
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The critical thing is that the leads are 
perpendicular to the PCB and that 
the two lamps are at the same height. 
These form the hour/minute and 
minute/second separators. 

If you cut the heatshrink sections 
all to the same length (around 11mm) 
prior to shrinking and keep them 
hutted up against the underside of the 
lamps, these will then form natural 
spacers to allow you to get a consist- 
ent stand-off height between the two. 

Assembling the lower PCB 

Continue the lower PCB assembly by 
installing diodes Dl and D2 and zener 
diode ZDl. Check Fig. 3 to see which 
goes where as there are three different 
types. Make sure that they are oriented 
as shown. 


After that, it’s a good idea to fit the 
four PCB pins for CON5 , CON6 , CON8 
and CON9. This is because they are a 
tight fit and you will probably need to 
hammer them in before soldering. The 
tightness is so they don’t fall out when 
you flip the board over to solder them. 

Now mount the 1C socket for micro- 
controller ICl, then install 1C2-1C6 and 
REGl which do not require sockets. 
Having said that, you may be supplied 
with sockets for 1C2-1C6, in which case 
you can use them; it does eliminate 
the possibility of accidentally solder- 
ing an 1C in backwards which can be 
very difficult to fix! 

Regardless, be careful with the ori- 
entation - ensure that the notched end 
of the 1C or socket goes to the top (ICl , 
REGl) or lefthand (lCs2-6) end of the 


PCB. In each case, solder two diagonal 
pins, then make sure the device is flat 
on the board and pushed down all the 
way before soldering the other pins. 

Fit crystal XI next. Bend its leads as 
shown but make sure they don’t touch 
its case. You can use a component lead 
off-cut bent into a ‘U’ shape and sol- 
dered to pads on either side of the can 
to hold the crystal down onto the board 
as the thin leads can be quite fragile. 

The two pushbuttons can go in 
next, pushed fully down onto the 
PCB. Follow with bridge rectifier 
BRl (watch its orientation) and the 
remaining TO-92 package devices, 
ie, Q46, Q47, Q49-Q52 and REG2- 
REG4. These involve three different 
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In the article last month, we gave a list of regions where the time zone and 
daylight savings rules would be automatically determined. Since then, we have 
been able to add much more time zone data. As a result of the now near-global 
coverage, the unit should be able to determine the correct time zone just about 
anywhere on Earth. 

The resulting compressed time zone database is just shy of 200KB, so it 
comfortably fits in the PIC32’s 256KB fiash. 

We realise that few constructors will require global coverage as most will live 
in Australia, New Zealand with maybe a few in the UK, Canada and the USA. 
So you may wonder why we bothered doing the extra work. The reason is that 
a global time zone database that fits in a microcontroller seems like a useful 
thing in general and some readers may wish to use it in their own projects. 

As far as we know, this is the first publicly available database (and codebase) 
to offer global coverage in such a compact package. So by releasing the source 
code for this project, we’ve made it much easier for anybody wanting to build 
a truly global GPS clock using a iow-cost, compact microcontroller. 

If you’re interested, download the source code and peruse it from: https;// 
github.com/minitz. The time zone data and handling functions should be easy 
to bring into your own software if you are familiar with the C language. 
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Fig.5: how to wire up various 
GPS modules. Take care with 
the pin 1 orientation and note 
that the wiring shown for the 
UPS 01 is different from that 
shown in Fig. 3. That’s because 
we’re showing the UP501 with 
its antenna facing down in this 
diagram but facing up in Fig. 3. 
Also note that VKlGE’s BOOT pin 
may be left unconnected and the 
GPS-622R’s VBAT pin can go to 
either CON3 (as for the UP501) or 
directly to the supercap positive 
terminal, which would give a 
longer ephemera retention time. 
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This rear view shows how the completed top and bottom PCB 
assemblies are fastened together on 25mm tapped spacers, with 
the bottom board sitting on 12mm male/female spacers. 





Assuming a relatively stable ambient temperature, the unit can be adjusted to be 

out by less than one second per month. The easiest way to do this is as follows: 

(1 ) Set the time using an accurate reference such as the speaking clock service. 
Make a note of the date that you do this. You don’t have to set the clock to be 
precisely correct, as long as you know how much it’s off by. If it isn’t precise, 
make a note of the number of seconds error. For example, if you’ve set the 
clock to say 09:00:00 at 9:00:02am on 15 March, the error is -2 seconds. 

(2) Leave the clock for some time - a week is sufficient but longer is better. 

(3) Using the same accurate time source you used earlier, compare the time 
on your clock to this more accurate time source. So, for example, let’s 
say your clock reads 10:08:33am but the speaking clock service says it’s 
1 0:08: 1 2am on 23 March. The error is now -21 seconds. Note this and also 
the current date. 

(4) Subtract the first error from the second error. In this case, the result is -19 
seconds. If the time was set precisely during the first step, this will not affect 
the error noted in step three above. 

(5) Determine the number of days that have passed between steps one and 
three. In our example, it’s eight days (23 -15). 

(6) Multiply the error from step four by 1 024, then divide by the number of days 
from step five and divide again by 45. The result in this case is -21 x 1024 ^ 
8 ^ 45 = -59.7 which we round to -60. 

(7) Go into crystal frequency trim mode (see panel on control interface) and add 
the number calculated above to the reading. So, in this case, if the current 
reading was 500, you would need to adjust it to give 440 instead. Save the 
changes and that should cancel out most or all of the error. 

(8) If you notice over many weeks or months that the clock is slowly gaining or 
losing time, adjust the trim value in single steps. Make it higher if the clock 
is falling behind or lower if the clock is going too fast. 
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Above: the 44 x 27kn resistors are strung between the two PCBs and soldered to 
slotted solder pads along the front edges. Make sure that the resistor leads are 
straight and use a ruler to ensure that they line up neatly (see text). 




into the socket. Also, plug in the other 
ICs if using sockets for them as well. 

The next step is to cut two 60mm 
lengths and four 40mm lengths of 
mains-rated medium-duty hook-up 
wire. Strip and tin both ends, then 
solder one end of each to each of 
CON11-CON15 from the underside of 
the upper PCB. The two longer wires 
are for CONI 3. 

Now place the upper board upside- 
down behind the lower board (right- 
side up) and solder the wires to the 
PCB pins (CON5, CONG, CON8 and 
CON9) and 2-pin header (CON2) on the 
lower board as shown in Fig. 3. It’s easi- 
est to start at the back and work your 
way to the front of the lower board. 
Make sure the wires to CON2 aren’t 
reversed or the LEDs won’t light up. 

Having done that, fit a 12mm male/ 
female tapped spacer to one of the 
mounting holes on the lower board 
from the underside, then attach a 
25mm tapped spacer on the top side. 
Do this up tight, then repeat for the 
other three mounting holes. You can 
then fasten the two boards together us- 
ing four M3 X 6mm, pan-head screws. 
Do these up firmly and make sure the 
six wires are still connected at both 
ends and neatly tucked away. 

The next step is to fit the 44 27k 
resistors into the slots along the front 


of both boards. It’s important that the 
bodies of these resistors are lined up 
carefully so that the finished clock 
looks neat. The following procedure 
is recommended. Try to avoid bending 
the resistor leads when removing them 
from the strip they are supplied on. 

Take two resistors with nice, straight 
leads and insert them into the pair of 
slots at the far left and far right ends 
of the boards. Next, use a small ruler 
to measure the distance between each 
resistor’s body and the top and bottom 
boards and move the resistors up and 
down until those distances are equal. 
Solder one end of each device, then 
check that the each resistor is still 
centred properly before soldering its 
other end. 

That done, insert another resistor 
between two slots near the middle 
(make sure the slots correspond!) and 
place the ruler horizontally so that it 
lines up with the bottom of the resistor 
bodies at either end. Adjust the middle 
resistor so it too is aligned with the 
ruler and solder it in place using the 
same method as before. 

Now continue by placing two more 
resistors between the three already 
soldered in, and keep ‘bisecting’ in 
this manner until all the resistors are 
in place. This method gives you the 
best chance of getting them all to line 


up without the gaps increasing or 
decreasing as you go. 

Once they’re all in place go back 
over all the solder joints and make 
sure they have sufficient solder and 
have flowed properly before trimming 
off any excess lead length remaining. 

More testing 

The Nixie tubes can now be unpacked 
and plugged into their sockets. Before 
plugging them in, you will need 
to remove the plastic spacer and 
carefully trim the leads to exactly 
5mm long, measured from the glass 
base of the tube. Make sure the leads 
are all straight, then gently place 
one tube on top of one of the sockets 
with each lead sitting in the cup of 
its socket pin. 

Now slowly push the tube into 
its socket. If any of the pins are not 
properly in the socket or if any starts 
to bend during insertion, remove the 
tube and fix that pin, then try again. 
It should go in with gentle pressure. 

Fit the other five tubes in a similar 
manner, then make sure the whole 
assembly is clear of any conductive 
items such as loose bits of wire and 
solder. With the plugpack discon- 
nected from the mains, plug it into 
CONI, then keep yourself clear of the 
board assembly while powering it up. 

Be careful during testing: as stated, 
the HT supply is around 180V DC and 
it can give you a nasty shock if you 
come into contact with it! Don’t touch 
or work on the unit when the plugpack 
is connected. 

In addition, wait 15 seconds for 
the lOpF 250V capacitor to discharge 
after switch off before touching the 
unit. It should he safe once the neon 
lamps have gone out, hut if in douht, 
measure the HT voltage rail. 

The Nixie C7ock performs a display 
test initially, so you should see all six 
zero segments light up, followed by 
one, two, three etc. Note that the first, 
third and fifth tubes will only display 
digits up to three, five and five respec- 
tively so don’t be concerned that they 
do not light when the other tubes are 
showing six, seven, eight or nine. 

The unit should also emit a short 
beep briefly after power is applied, 
verifying that the piezo buzzer works. 

Having gone through the digit test, 
you will then see a display of ‘00.00.00’ 
with the first digit flashing, indicating 
that the time has not yet been set. Check 
that the blue LEDs are lit. 
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If anything goes wrong, switch off 
and check the assembly for faults. If one 
or more segments are not lighting, first 
check that the tube is inserted properly 
in the socket and that the resistors along 
the front of the unit are all soldered 
properly. Otherwise, it could be a 
suspect solder joint on one of the ICs. 

If you don’t get any display, that 
suggests a problem with ICl or its 


associated crystal oscillator. Nothing 
will function if the oscillator isn’t 
working. If the neon lamps don’t 
light, that suggests a problem with 
the boost generator or wiring as 
they are permanently wired across 
the HV rail. 

If it checks out, switch off and wait 
15 seconds after the neons go out 
before touching the hoard assembly. 


Putting the case together 

The case is made from six pieces of 
acrylic, one black and five clear, held 
together with 16 self-tapping screws 
which go into pre-drilled holes. Start 
by attaching the thicker clear front and 
side panels to the base panel using six 
of the supplied self-tapping screws. 
Next, attach the thinner clear rear panel 
to the sides with four more screws. 
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The Nixie dock will be available exclusively as a 
complete kit from Giess Audio. It includes the RGBs, 
all components, a programmed microcontroller, 

Nixie tubes and the case hardware. Kits 
should be available late February/early 
March 2015. Contact Giess Audio: +61 
(0)403 055 374 or email glesstron@msn.com 
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Fig.6: a Google Earth view showing some of the time zone regions used to calculate 
local time. These shapes have been simplified as much as possible, to save Flash 
memory storage space, without compromising the accuracy of determining the 
correct zone for any latitude/longitude on land. For example, where they overlap, 
only the border of the time zone analysed first has to be accurate as areas within 
this zone are excluded before the latter zone is checked. 
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Last month we introduced our new Spark Energy Meter, an essential 
workshop tool for anyone who tinkers with automotive ignition systems 
- old or new! Now we get to the good hit: putting it all together . . . 


T he Spark Energy Meter is built 

on two 111 X 85mm PCBs, which 
stack horizontally inside a 119 
X 94 X 57mm diecast hox using 9mm 
spacers. 

The first hoard, coded 05101151, 
contains the majority of components, 
with the exception of the 30 x lOOV 
zener diodes - these are all on the 
second board, coded 05101152. Both 
boards are available as a pair from the 
EPE PCB Service. 

A power switch protrudes out from 
the side of the box, while the power 
LED and high-range LEDs pass through 
the lid. The LCD is also attached to the 
case lid. 

Before you start assembly, place 
the zener diode PCB centrally in the 
bottom of the diecast box and mark the 
positions of the four 3mm holes used 
for mounting. You can drill these holes 
now or later. 

Construction 

The complete parts list (along with the 
circuit diagrams and descriptions) were 
included in Part 1 last month - refer to 
that article for all components. 

Start by fitting lOOV zener diodes 
ZDl to ZD30 on the second PCB (see 
Eig.3). These all face the same direction 
on the board but the tracks underneath 


actually connect them with 15 in one 
orientation and 15 in the other. 

The connection to the spark plug is 
made via an M205 fuse clip. The fuse 
tab toward the plug bends down and 
around the edge and under the PCB. 
The fuse tab toward the zener diodes is 
broken off by bending this backward and 
forward repeatedly with a pair of pliers. 
Just a few times will cause it to break off. 

Strip a few mm of insulation from 
each end of a 200mm-long mains-rated 
wire and terminate one end into the 
HV output on the PCB. 

Cover the wire in heatshrink tub- 
ing, leaving sufficient wire free at the 
other end for termination into the HV 
terminal on the second PCB. 

Now move onto the other PCB. Eig.4 
shows the component overlay. Install 
the small resistors first. 

You may know resistor colour codes, 
but it’s always wise to double check 
each value with a digital multimeter. 
Leave the 150 , 5W resistor for later. 

Diodes are next, and as they’re po- 
larised, they need to be installed with 
the striped end oriented as shown in 
the overlay diagram. Note that there 
are several types. D1-D4 are UE4007, 
D5-D14 are BAT46, D15 a 1N4148 and 
D16 a 1N5819. Zener diode ZD31 can 
also be installed now. 


Solder the ICs next, with pin 1 
toward the top of the PCB (Si side) in 
each case. Be sure that the correct IC 
is placed in each position. REGl and 
Q1-Q3 can go in next. 

Now fit the capacitors, starting with 
ceramic and polyester, which of course 
are not polarised. Note the positions 
for the lOOnE capacitor, the lOnE 630V 
(or 3kV) and the InE lOOV (or 3kV) 
ceramic types. 

These have a higher voltage rating 
than the remaining capacitors. The 
electrolytic types are polarised and 
must be inserted the right way around 
- the longer lead is the -i- side. 

Install the reed relay now, then trim- 
pot VRl. Switch Si is fitted directly to 
the PCB and the two 6-way pin head- 
ers for the LCD can also be soldered 
in, along with the two PC stakes and 
adjacent 150 5W resistor. 

LEDl and LED2 are mounted so that 
the top of each LED is 31mm from the 
top surface of the PCB. Take care that 
the anode (longer lead) is placed in the 
component hole labelled ‘A’. 

The 9V battery holder is secured to 
the PCB using a countersunk M3 screw 
and nut with a piece of TOP-3 silicone 
washer between it and the PCB. The 
washer is trimmed to size with scissors 
and a hole cut in the centre for the 
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screw. There will already be a hole in 
the silicone washer (due to it being 
punched for the TOP-3 package) but 
this will be in the wrong position. 

Wires for the 9V battery clip are 
passed through the PCB holes as 
shown for strain relief, helping to 


prevent the wires from breaking due 
to flexing, when terminated to the 9V 
inputs. The red wire is terminated to 
the ‘+’ side, black to 

A 70mm length of 7.5A 250VAC 
mains wire (green or black) is 
terminated into the ‘CASE’ terminal 


and the other end crimped to a crimp 
eyelet. 

Box bits 

If you haven’t drilled the mounting 
holes in the box, do so now. If using 
countersunk screws, ensure you 
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Fig. 3 (above) is the component overlay for the zener diode PCB. All zeners are oriented 
the same direction, so construction is easy! Below is a matching photo of this board, 
again printed very close to life size. The fuse clip on this board is obscured by the 
spade lug insulator. 



countersink the holes on the outside 
of the hox. 

Fig. 5 shows the hole positions for 
the spark plug and earth screw hole 
on the end of the hox and the switch 
hole on the side of the hox. 

For the spark plug, (which, as 
mentioned last month, needs to he of 
the resistor variety] this needs to he 
drilled smaller than required and then 
carefully reamed out. 

There will be a diameter close to 
13.5mm where the spark plug will 
screw in, cutting some thread but 
mainly held in place by friction. 

Note that the PCB is designed for a 
spark plug with a 12.7mm reach. If 
a longer reach spark plug is used (as 
we did), use a spacer to cover the bare 
thread that’s exposed on the outside of 
the case. This spacer can be seen in the 
photo above. 

The LCD module is mounted onto 
the lid of the case. The label artwork, 
which shows the positioning for the LCD 
module and the LED holes, also makes 
a great template. It can be photocopied 
or downloaded from the EPE website 
(see panel). 

The rectangular cut out is made by 
chain-drilling small holes (2-3mm) 
inside the perimeter, then knocking 
out the piece and filing to shape. 

The PCBs are attached to the box 
using 9mm stand-offs. Four stand-offs, 
held by 12mm x M3 screws, are placed 
in the base of the case. Next comes the 
lower PCB, followed by the set of four 
spacers screwed onto the remaining 
thread of the screws. 

The earth tag on the spark plug 
that bends around to face the inside 
insulated electrode is removed. This 
can be done using pliers to bend the 
tab back and forth to shear it off. Then 
file the rough edges down. 

Screw the spark plug in to make 
contact between the centre electrode 
and the M205 fuse clip on the PCB. 

The second PCB stacks on top 
of the first. This is done after the 
interconnecting wire between the HV 
terminals on each PCB is connected. 
The top PCB is secured with the M3 
X 5mm screws. The crimp eyelet is 
secured to the case with an M4 screw, 
star washer and nut with the spade 
connector attached on the outside of 
the box using the same screw. 

Wiring the dispiay 

The 9-way rainbow cable is stripped 
into a 5-way length and a 4-way 


length. Separate out the wires for about 
100mm on one end and strip off the 
insulation by about 1mm on this end 
of the cable. 

Terminate to the LCD terminals and 
solder in place after a short length of 
heatshrink cable is placed over each 
wire. The heatshrink supports the wire 
to prevent breakage. 

Note that the connection pins on 
the rear of the display are numbered 
from 1 to 13, but with pin 3 missing 


and left as a blank space. This sepa- 
rates the power at pins 1 and 2 from 
the remaining pins. Pin 4 is not used. 

The other end is terminated into the 
header plugs and the metal contacts. 
These are designed to crimp the wires 
and then hold the wire and insulation 
using another set of bendable pieces 
on the terminal. 

Use pliers to crimp these down. A 
small amount of solder applied to the 
crimped connector where the wire is 
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crimped will prevent the wire slipping 
out from the connector. 

The crimp connectors are slid into 
their backing shells and pressed in us- 
ing a small screwdriver till they click 
in place. Make sure the LCD module is 
wired correctly before applying power. 

On power-up (when the 9V battery 
is connected or a separate supply), 
the power LED should show ‘.000’ or 
close to it. VRl can be adjusted to set 
the display to zero if needed. 


If the display does not show these 
numbers, check wiring between the 
PCB and display. 

Finally, make up a lead to connect to 
the spade connector on the case of the 
Spark Energy Meter. This comprises 
the remainder of the Im mains wire 
with an alligator clip on one end 
and a crimp spade connector on the 
other. This is used to connect to mains 
earth when testing the spark from an 
ignition coil. 


Accounting for the 
150n wirewound 
resistor toierance 

Even though you normally set 
the Calibrator to give exactly 5V 
output, the reading on the Spark 
Energy Meter could be ±5% out 
due to the tolerance of the 150^1, 
5W wirewound resistor at the input 
(ie, it could be anywhere from 1 43^2 
to 157Q). Wirewound resistors are 
not known for their tight tolerance! 

So your readings (which depend 
on this resistor) could also be out. 

If you want it exact, the way 
around this is to measure the resis- 
tor and compensate. If you happen 
to measure exactly (or even very 
close to) 150^2, you don’t have to 
do anything. But if it’s out, set the 
voltage from the Calibrator higher 
or lower than 5V by the ratio of your 
resistor to a perfect (1 50^2) resistor. 

For example, if your resistor 
measures 1 55^2, set the voltage to 
155/150 X 5, or 5. 17V. Conversely, 
if it’s lower, say 145Q, set the cali- 
brator output voltage to 1 45/1 50 x 
5, or 4.83V. 


If you need a suitable ignition coil 
driver then the High Energy Ignition 
from February and March 2014 includes 
a spark test feature where the coil is 
driven to check ignition operation. 

Calibrator construction 

The Spark Energy Meter Calibrator 
is constructed using a PCB, available 
from the EPE PCB Service, coded 
05101153 and measuring 47 x 61mm. 
The PCB will clip into the side pillars 
in a standard UB5 utility box (83 x 54 
X 31mm) although we present this as 
a bare PCB. Note that there are two 
versions, the calibrator and the PWM 
driver, so follow the overlay diagram 
for the version you are building. 

The PWM circuit will produce 
an approximately 500Hz waveform. 
Depending on your application, this 
maybe too high. For a small DC motor 
for example, a lOOHz drive may be 
more suitable. The lOnF capacitor 
can be changed. Use a 47nF one for a 
nominal lOOHz PWM drive. 

Follow Fig. 6 for the PCB assembly. 
Install the resistors first. (A digital 
multimeter should be used to check/ 
confirm their values.) Note that for 
the calibrator, a wire link is required 
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Fig. 5: drilling 
detail for 
the end of 
the Spark 
Energy Meter 
diecast case 
(at right) and 
the side of 
the same case 
(helow). See 
pic and note 
at right re 
spark plug 
tapping. 
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Drill and ream the sparkplug hole through 
the end of the case to a size just smaller 
than the plug thread, then use the plug 
thread itself to ‘tap’ the softer aluminium. 
This will make the spark plug captive. 
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Fig. 6: the Calibrator PCB 
component overlay and an 
enlarged photo (for clarity) 
alongside. Trimport VRl 
adjusts for exactly 5V output 
(or calculated output to 
account for wire-wound 
resistor tolerance - see text). 
VR2 adjusts for the correct 
frequency at 250Hz. 
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connection is clipped onto a secure 
ground point to avoid the meter body 
developing a high voltage potential 
during the spark. 

The spark plug wire can be lifted 
from one of the engine’s spark plugs 
and plugged onto the meter spark 
plug input. Then, with the engine 
running (which will have a miss as 
one spark plug is not operational), 
the meter reads that spark energy in 
millijoules (mj). This can be done for 
all the engine’s spark plug feeds for 
comparison, one at a time. 

In a 4-cylinder car, the frequency of 
the sparks presented to a single plug 
by the distributor is about 4Hz when 
the idle rate is 500 RPM. 

Some cars, which have an individual 
ignition coil per spark plug with cus- 
tom assemblies can also be measured 
if an appropriate connector system 


is made to access the high voltage 
terminal where the spark is normally 
generated and using a non-powered 
dummy coil/plug module to re-seal the 
combustion chamber. 

The second way to use the meter is to 
disconnect the ignition coil from the dis- 
tributor and measure its output directly 
while cranking the engine (naturally, the 
engine will not start). 

This will give a higher energy 
reading as it bypasses the losses in 
the distributor’s spark gap and the 
differences in these measurements will 
give an indication of the distributor’s 
spark losses. 

In systems with wasted spark or 
two terminal ignition coils, as in Com- 
modore and many General Motors en- 
gines, one of the ignition coil outputs is 
shorted to ground and the other terminal 
is measured by the meter. 


Use as a low-voltage speed control or dimmer 

The Calibrator circuit published in last month’s issue included an alternative 
PWM Drive Circuit (shown in a yellow panel). This modification can then 
make this board usable as a 12V DC motor speed control or even a 12V 
incandescent/LED light dimmer. 

See the revised component overlay below. There is a link (LKl) and a 
pair of unused pads alongside VR2. Replace this link with a 1N4148 diode 
(anode towards the PCB edge) and another 1N4148 across the unused pads 
(same orientation). Two other changes are needed: VR2 is changed from a 
50kQ to 250kQ (or it could be replaced with an external pot if that’s more 
convenient) and Rl is reduced from 220kQ to IkQ . 

A 12V motor or lamp needs to be run from the incoming 12V supply (at 
CONI), not the ‘-I-’ output terminal on CON2, which is at 5V. You take -I-12V 
DC from the CONI ‘-I-’ input terminal and connect the OV to the CON2 
output terminal, as shown below. 

Obviously, if you have a 5V motor or lamp, you can use both ‘normal’ 
output terminals, CON2. 



Fig. 7: the changes (shown in RED) required to turn the calibrator circuit into a 
5V or 12V motor speed controller or incandescent/LED lamp dimmer. At 12V, 
connected as shown above, it will deliver up to 5 A if the 12 V supply is capable 
of that current. At 5V, the limit would be lA, the maximum current allowed 
through Dl and D2. (The LM317T can deliver around 1.5A). 


PoLabs 


For more information or 
software download please visit 

www.poscope.com/epe 


Connect, Control 



PoKeys is a succesful story about versatile 
and extremely powerful controller. 

Save your time with fast connectivity and 
easy configuration of advanced features. 

Enjoy rare moments in life while PoKeys is 
taking care over your house or garden. 

Take a break while PoKeys is controlling 
stepper motors in your CNC or 3D printer. 

Let PoKeys make your imagination come 
true using our intuitive software and plugins 
for Mach3/4. 


Drive 

Safest and most efficient force for your 
motors. 



Measure 



Do you need a really powerful and 
portable oscilloscope that will save your 
time, money and make your life with 
measurements easier? 

PoScopeMega1+ is lowest power 
consumption USB oscilloscope, function 
generator and logic analyzer all-in-one 
available on the market. 
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EXCLUSIVE OFFER 


Win a Microchip 
PiC32MZ Embedded 
Connectivity With 
FPU (EF) Starter Kit 

E veryday practical electronics is offemng its readers the chance to win a Microchip PIC32MZ 
Embedded Connectivity with FPU (EF) Starter Kit (DM320007). The PIC32MZ Embedded Connectivity with 
Floating Point Unit (PIC32MZEF) Family Starter Kit provides the easiest and lowest-cost method to experience 
the high performance and advanced peripherals integrated in the PIC32MZEF MCUs. It provides an excellent board 
for development and testing of USB and Elhernet-based non*crypto applications 

This Starter Kit features a socket that can accommodate tO/1 00 Ethernet transceiver (RJ-45) plug-in connectors from 
various vendors for prototyping and development. 


PACKAGE CONTAINS 

• PIC32MZ EF Starter Kit board • PHY daughter board • Ethernet patch cord • Three USB cables (one Standard-Ato 
Micro-B and two Standard-A to Mini*B). 



HOW TO ENTER 

For your chance to win a PIC32MZ Embedded Connectivity with FPU (EF) Starter Kit from Microchip, visit: 
http://vvww.microchip-comps.com/epe-pic32mz and enter your details in the online entry form, 


CLOSING DATE 

The closing date for this offer is 31 March 2016. 
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Modifying the 

Valve 
Amplifier 

... is it wortiiwiiiieP 


QJg/ (Mm suii^I to @Q[iQ[p©®[j] 


While the Currawong Valve Amplifier has created a great deal of 
interest, some readers would like to see it with improved frequency 
response, better output transformers, more expensive valves and 
so on. We have investigated a number of these possibilities and 
you can judge for yourself whether all or any of the modifications 
discussed are worthwhile. 


M ost readers would regard the 

(jutput transfomiers we u^ed as 
looking physically puny compared to 
ihe much larger transformers fitted to 
valve amplifiers in the 'olden days' 
and we would have to agree. So could 
bigger and betler output transformers 
improve the performance? Possibly. 


Before we had a look at I hat topic 
we had to address a query about the 
low-frequency response of the Cur- 
raivong. As depicted in the graph of 
Fig.5 in the November 2015 issue, 
the froquoncy response had a slight 
uplurn at around IQH'A. Some people 
blamed this on the relatively small 


lOOpP capacitors at the cathodes of 
the GL6 output valves. 

These supposedly did not allow 
sufficient decoupling at the lowest 
frequencies and the gain climbed 
slightly^ as a result. We did not agree 
wilh this contention for the following 
reason: increasing the cathode bypass 
capacitors will aclually increase the 
low frequency open-loop gain, but 
the effect of negative feedback will 
he to negate this anyway, and it will 
therefore have negiigible effect. 

Thus, we nm the frequency response 
test with an 8£1 load again and com- 
pared the response wdth lOOpF and 
2G0pF capacitors (ie, wdth another 
UiOpF in parallel} bypassing the 3300 
cathode resistors. Fig, l shows the 
results and as expected, there is neg- 
ligible difference in the tw^o curves. 

By the way, these curves are even 
natter than thosfi originally published 
in the November 2015 issue and 
can only put this down lo a slightly dif- 
ferent valve line-up and wiring layout 
in the final prototype of the amplifier. 
VVeshonld also point oul that, as in any 



The Hashimelu HW- 
40*5 is nuich larger, 
heavier and more 
expensive than the 
Allronics Ml 115 
line transfnriner 
While its fre<|iienry 
response is flatter 
above 3W, the Ml 115 
actually pravidfis 
substantially lower 
distortion over most 
of its frequency 
range. This is likely 
due to its use of 
grairL-orientated steel 
in the core 
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Frequency (Hz) 

Fig.l: the Currawong frequency response as designed 
(blue) and with extra output stage cathode resistor bypass 
capacitance (red). 


M1115 vs Hasimoto Power Response 
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Frequency (Hz) 

Fig.2: a comparison of the power response of the M1115 
and Hashimoto transformers in the Currawong at various 
power levels. 



Frequency (Hz) 

Fig.3: frequency response of the M1115 transformer operated 
open loop into a 660^1 resistive load. The load resistance 
gives 15 W at its design output voltage of lOOV. 



Fig.4: distortion of the M1115 transformer with the same set- 
up as in Fig.3. The distortion is quite low at IW but increases 
at higher power levels and lower frequencies. 


typical high-performance valve ampli- 
fier, the Currawong needs to run for at 
least half an hour before it produces 
the best performance. 

Now to the question of the output 
transformer. A number of readers have 
pointed out that we should have pub- 
lished power response curves for the 
Currawong, as these would soon throw 
up the deficiencies of the Altronics 
line transformer. 

Hence we have prepared a series of 
power response curves and compared 
these to a highly regarded substitute 
transformer, the Hashimoto HW-40-5, 
made by Hashimoto Electric Ltd in 
Tokyo, Japan (available at more than 


US$700 for a pair). The frequency re- 
sponse claimed by the manufacturer is 
flat from 10Hz-60kHz ±0.1 dB and it has 
an input impedance matched specifi- 
cally for 6L6 valves of 5k and output 
taps at 4 ,8 and 16 . It is suitable 
for amplifier powers up to 40W. 

These transformers weigh 2.4kg 
each and are far too big and heavy to 
be mounted on the Currawong PCB, 
so they were externally mounted with 
longer leads. 

Fig.2 shows a number of power re- 
sponse curves run with the Altronics 
transformer and one with the Hashi- 
moto transformer at an output power 
of 7W into an 8 load. Looking at the 


curves, the Altronics transformer does 
lack bass power at higher levels, but is 
quite adequate up to about 3W RMS, 
whereas the Hashimoto transformer 
has a flat power response down to 
below 20Hz. 

The Hashimoto transformer was 
also tested for frequency response 
at various power levels up to 20W 
without negative feedback. Under this 
condition, the Hashimoto performs 
much better than the Altronics unit, as 
would be expected. Given that result, 
you might expect that the Hashimoto 
would produce significantly less 
harmonic distortion when feedback is 
applied (as in the normal Currawong 
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Fig. 5: distortion from the Currawong with Ml 115 output 
transformers driving an 8 load at 20Hz and 1 W. The residual 
is largely third harmonic and while the waveform distortion 
is clearly visible, it’s still somewhat sinusoidal. 





Fig. 6: same as for Fig. 6 hut at 4W. It certainly doesn’t look 
like a sine wave any more! The global feedback is applying 
maximum bias to try to correct the waveform but the 
transformer is saturated and it simply isn’t possible. 


configuration) but surprise, surprise, it 
turned out that the THD+N at IW was 
higher than the cheaper transformer, as 
shown in Fig. 7. 

The negative feedback in the 
Currawong circuit is quite high for a 
valve amplifier and this will linearise 
the response and reduce harmonic 
distortion in the smaller transformer. 
Hence, the negative feedback was 
reduced to zero to see if the Hashimoto 
could do with less and therefore 
produce more power. It did and the best 
we could squeeze out of it was 20W, but 
the harmonic distortion was a whopping 
20% at IkHz (with zero feedback). 

Subjective listening tests 

Subjective listening tests proved that 
the Hashimoto is a very good trans- 
former but at more than 40 times the 
price of the Altronics Ml 1 1 5 , it really is 
only marginally better. Of course, both 
transformers could deliver more power 
if the Currawong amplifier was run 
with much higher power supply rails 
and the circuit bias modified to suit. 

However, the cheaper transformer 
would still be deficient in power 
response at the low frequency end, 
simply because its core is not big 
enough. To illustrate just how good (or 
bad, depending on your viewpoint), 
we decided to do a number of tests on 
the Altronics Mil 15 transformer when 
driven by a high-quality solid-state 
amplifier. In this case, the amplifier 
was connected to the primary winding 
and the transformer was used in step- 
up mode, as a lOOV line transformer. 

The secondary winding was loaded 


with a 660 15W resistor (three 220 

5W resistors in series). In this mode, 
the transformer delivers 15W. 

Fig. 3 shows its frequency response 
at power levels of IW, 7W and 15W. As 
can be seen, it’s pretty good at 1 W and 
obviously somewhat deficient at the 
low-frequency end when driven at 7W 
or 15W. This is due to core saturation. 

The equivalent THD-i-N curves in 
Fig. 4 reinforce the story and you can 
see that harmonic distortion rises 
drastically at the lower frequencies 
and particularly at high power levels. 

To further demonstrate how trans- 
former core saturation affects the low- 
frequency response, have a look at the 
scope grabs of Fig. 5 and Fig. 6. Fig. 5 
shows a 20Hz signal at IW with the 
upper (yellow) trace being the trans- 
former output while the lower (green) 
trace is the harmonic distortion; pre- 
dominantly third harmonic at 60Hz. 

Fig. 6 is significantly worse with a 
20Hz signal at 7W. Here the output of 
the transformer is running well into 
saturation and the harmonic distor- 
tion waveform is quite a bit worse, 
with more higher-order harmonics. 
At higher power levels, the story is 
similar with the distortion climbing to 
over 60%, as can be seen from Fig. 4. 

Now let’s consider the low-frequen- 
cy power response and harmonic 
distortion of the Currawong Ampli- 
fier. This demonstrates the miracle of 
negative feedback. Without negative 
feedback applied in the Currawong 
Amplifier circuit, the performance 
is pretty awful and even with the 
Hashimoto transformer, it is pretty 


ordinary. Negative feedback makes all 
the difference in the Currawong, as it 
does in any other high-performance 
valve amplifier. 

Next time you read how valve am- 
plifiers can sound good without nega- 
tive feedback, you will know that the 
writers are simply ignorant! 

Various valves 

A quick search of the internet will 
glean a lot of information, opinions 
and prices for various valve brands, 
ages and types. You will also see how 
many valve aficionados prefer ‘NOS’ 
valves (New Old Stock) which have 
been manufactured up to 50 years 
ago but have never been used (and 
sometimes in the original box). If you 
go to www.tubedepot.com you will 
find more than 30 different types of 
12AX7 priced from US$11.95 for a 
basic Electro-Harmonix right up to 
US$540.95 for a ‘Black Sable Mullard’. 

You may well wonder how much 
improvement you might get from the 
higher-priced valves. We would advise 
extreme caution. NOS valves can com- 
mand high prices but it is very much 
a case of ‘buyer beware’. Such valves 
may have been used (definitely not 
‘new’!) and there are even forgeries of 
the most popular types. 

If you have built the Currawong and 
then start swapping valves you may 
notice differences between similarly 
priced valves such as Electro-Harmo- 
nix (from Altronics) versus Sovtek 
(from Jaycar). But while these dif- 
ferences may be discernible and you 
might like one or the other depending 
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Fig.9: spectral response for the Currawong under the same 
conditions as Fig.8 but using Electro-Harmonix 12AX7 valves 
supplied by Altronics. 


Fig.lO: spectral response for the Currawong at IW using 
6CG7 valves but with feedback enabled. Note that these 
valves require a 6.3V filament supply. 


on the type of music you prefer, objec- 
tive tests will show that frequency 
response and total harmonic distortion 
are quite similar. 

With that in mind, you might 
discount subjective differences. But 
it turns out that the differences are 
real and hence perceptible, which is 
backed up by the different spectra for 
these valves. You can see the results 
in Fig.8 and Fig.9. In both cases, the 
input signal is a IkHz sinewave and 
spectra show the amplitudes of the 
various harmonics. 

Apart from the multiple different 
brands of 12AX7 and 6L6 valves, 
you could also try 6CG7s in place of 
the 12AX7S but then you will need 
to run the filaments at 6.3V AC, not 


12V AC. The 6CG7 is a very linear 
valve previously used in TVs for 
vertical oscillators to maintain a non- 
distorted picture. These valves are 
now available at Altronics. 

The spectrum for the 6CG7 is shown 
in Fig.lO. Note, though, that this was 
plotted at a IW power level and with 
feedback enabled, in contrast to Figs. 8 
and 9. So use caution when comparing 
these results. 

There is also the possibility for using 
KT66 valves in place of the 6L6s. These 
are significantly bigger and bulkier 
which does look more impressive. 
The performance is again very 
similar but they are more expensive. 
The Currawong PCB is designed to 
accommodate them. 


Conclusion 

We hope that readers now understand 
that the Altronics Ml 115 transformer 
really does deliver quite a respectable 
performance in the Currawong and 
especially so, given its low price. 

Yes, we could have selected much 
more expensive transformers, but the 
major increase in cost would simply 
not be justified in view of the small 
difference in performance. However, 
swapping valves to find which ones 
you prefer is worthwhile and a lot 
of fun. 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2016. 
www.siIiconchip.com.au 
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Welcome to Teaah-!n 2016- Exploring 
the Arduino. This exciting new series 
has been designed for electronics 
enihusiasts wanting to get lo grips 
with the immonsfiJy popular Arduino 
inicrocontrolJor as welJ as coding 
enthusiasts who want to explore 
hardware and interfacing. ,So. whether 
you are considering w'hat to do with 
your Arduino, or maybe havoan idea for 
a project but don't know how to turn it 
into real ity* our new Tmch-fn 20 series 
w'ill provide you with a one-stop source 
ofideas and practical information. 

In lastinonth^s 7feoch'/n 2016' we took 
a first look at the Arduino, explaining 
why this particular microcontroller has 


become so popular. Arduino Workshop 
dealt with installing and running the 
Arduino’ssirnplebul powerful integrated 
development enviromnenl (IDE) while 
Coding Quickstori introduced the 
different types of data that you wdll 
encounter in an Arduino environment. 
Get examined interfacing switches 
and LEDs to the Ardiiino's digital l/G 
ports and provided you with some 
simple example 'sketches' to gel you 
started with C coding. For good measure. 
WB introdiicetl IJiioArduEimpan easy-to- 
use^ but very useful Arduino simulator 
that will allow you to develop and test 
your code without needing to have a 
real Arduino lohaml, 


This month 

In this month’s Teach-In 2016 we will 
lookal methods of connecting real world 
hardware lo the Arduino C Jno. To thisend. 
Arduino Wkirkshop deals with driving 
GxtornaJ loads while Arduino I Vor/d looks 
at some handy low- cost interface boards 
that will allow you to drive high-current 
and high-voltage loads, such as mains 
operated lamps and motors. Coding 
QuickstarL our regular programming 
feature, explains the structure and layout 
of progranj cods as well as introducing 
decisions and how^ to make them. Finally, 
Get Real wil I show yon how to design and 
construct a simple but effective Arduino- 
based security system. 


ArdHlnoWorfishoit Driving 
evtemalloals 


Last manth. we mentioned tha! the 
ATmGga32B processor provides a total of 
23 inpul/output (I/O) linos. Those lines 
are made available at one or more of the 
lino's I/O connectors (see Fig. 2.1). VVe 
explained that the I/O pins can be given 


different functions depending on the 
software configuration. The I/O port lines 
can be individually configured as inputs 
or outputs using the pinMode ( } Fimction 
to configure the port direction (ie^ input 
or output) and digitalWrite f ) to turn 
the respective line on or off. Note that 
the action is latching, so that, once an 
output is Uirned on or off it will remain 
in that slate until a further command is 
generated to change the state. 


Relay outputs 

The Arduino's I/O pins can source 
or sink a maximum current of 40mA 
at standard 5V logic levels. This is 
sufficient fora lot of purposes (including 
illuminating an LED) but not enough to 
operate actuators, motors, lamps and 
many other Teal-world' output devices. 
Forliinateivp the problem of driving 
the vasl majority of high voltage and 
high current loads can be easily solved 



assignmoni 



Fig.2.2. A seleclion of common types of relays w/fh contact ratings ranging from 
lA to 20A 
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Parameter 

Value 

Nominal operating voltage 

5V DC 

Nominal operating current 

73mA 

Maximum load rating 

AC 250V 10A, DC 30V 10A 

Pull-in voltage (typical) 

3.8V 

DC coil resistance 

70Q 

Power consumption (typical) 

0.36W 

Operating time (max.) 

10ms 

Release time (max.) 

5ms 

Contact resistance (max.) 

o.iin 

Operating life 

100,000 operations at rated load 

Maximum switching rate 

30 operations per second 


Table 2.1 Electrical specifications of a typical 
miniature PCB-mounting relay 




Fig.2.5. A four-channel relay interface board 


using one or more miniature relays 
(see Fig. 2. 2). These electromechanical 
devices comprise a coil wound on a 
high-permeability core and a moving 
armature mechanically linked to a set 
of contacts that make and break when 
the device is actuated (see Fig. 2. 3). 
When sufficient current is applied to the 
coil of the relay the resulting magnetic 
field will cause the soft iron armature 
to pull-in and this in turn will open or 
close the relay’s electrical contacts. A 
typical miniature PCB-mounted relay 
will operate from a 5V DC supply and 
its contacts will pull-in at typically 7 5 % 
of this value. The specifications of such 
a relay are listed in Table 2.1. 

It is important to note from Table 2.2 
that the relay coil requires an operating 
current that’s well beyond the output 
drive capability of the Arduino. We 
therefore need an interface that will 
provide the extra current required. 
Fortunately, this can often be little 
more than a low-power transistor and a 
handful of other components, as shown 
in Fig. 2. 4. 

In Fig. 2. 4 the transistor can be almost 
any NPN type with a current gain of 
around 100, or more. Diode Dl counters 
the effects of the induced voltage that 
will appear across the relay coil as the 
current (and consequently the magnetic 



Fig. 2. 3. Internal arrangement of a 
typical relay showing the coil, armature 
and contacts 


flux) collapses when 
the transistor reverts 
from a conducting 
to a non-conducting 
state. Atypical value 
for Rl would be 
2.2k^l when using 
a relay coil that requires less 
than 200mA to operate (eg, a 
700^1 coil rated at 12V). This 
value for Rl is sufficiently 
small to ensure that TRl is 
driven into saturation when 
a high-state output voltage 
appears on the digital 1/ O line, 
but large enough to reduce 
the demand on the I/O port 
to around 2mA. 

A neater alternative to 
using discrete components is the use 
of an integrated circuit output driver, 
such as the popular ULN2803. We will 
be looking at this chip in a future Teach- 
In 2016 article, but for the moment, if 
you only have a couple of high current/ 
high voltage loads to drive then a simple 
discrete circuit like the one shown in 
Fig. 2. 4 is all that you need. 


/V'duino V\hrld: Relayboards 


Many simple control projects can be 
based on a ready-made relay board, 
avoiding the need to construct your 
own interface circuit. Fortunately, there 
are quite a few to choose from and the 
two most common types are fitted with 
either four or eight relays , with each relay 
having its own driver circuit. 

Four-channel relay board 
Fig.2.5 shows a typical four-channel 
relay board. The board has a transistor 
driver and an opto-isolator for each 
output channel. Similar boards can be 
purchased very cheaply (often less than 
£5) and so it is invariably more cost 
effective to purchase one of these boards 
rather than attempt to build one yourself. 

Individual relays are normally fitted 
with single-pole changeover contacts 
(equivalent to an SPDT switch) and are 
commonly rated 250V AC at lOA or 
30V DC at 10 A. Inputs are usually TTL 
compatible and active low (in other 
words, they require a logic 0 output from 
the Arduino to operate). 


Isolation 

Many relay boards (like the one shown 
in Figs. 2.6) incorporate opto-isolators 
and this makes it possible to isolate the 
relay driver circuitry from the Arduino ’s 
circuitry (see Fig. 2. 7). However, in many 
applications this feature will not be 
required and the relay driver circuitry can 
then be operated from the same supply 
and ground connection as used by the 
Arduino itself. 

Relay board connection 
In Fig. 2 . 8 (a) the +5 V and GND connections 
are common between the Arduino and 
the relay board. In this arrangement 
the relays must be 5V types and the 
only isolation between the Arduino 
and the load will be that afforded by 
the relay alone. This will usually be 
perfectly adequate for most applications, 
including switching mains loads at 
currents of up to several amps. 

Fig. 2. 8(b) shows how higher-voltage 
(eg, 12V or 24V) relays can be used, 
while retaining a common ground (GND) 



Fig.2.6. Transistor drivers and optical 
isolators on the four-channel relay 
board 
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connection between the Arduino and 
the relay board. Higher power relays 
can be used for applications that involve 
switching currents of up to 20 A. In 
all cases it is important to check the 
specifications of the relay that you plan to 



Fig. 2. 9. An eight-channel relay 
interface board 


jc) External SV supply dnd full dpticaJ isolation 

Fig. 2. 8. Three possible relay board configurations 
providing different amounts of isolation 

use and verify its suitability for use in a particular application. 

In Fig. 2. 8(c) we have shown a fully optically isolated 
arrangement in which there is no common ground connection 
between the Arduino and the relay board. This arrangement 
offers the greatest amount of isolation, together with 
improved noise immunity. 

Eight-channel relay board 

Fig. 2. 9 shows an eight-channel relay board. Like the four- 
channel board that we’ve just described, boards of this type 
are also available at low-cost from several sources. At under 
£10 they offer an extremely cost-effective means of controlling up to eight loads 
and at a cost that’s considerably less than the cost of purchasing the individual 
components. 

Coding relay outputs 

Fortunately, it’s very easy to control one or more relays using just a few lines of 
simple code. First, you will need to make sure that you define the digital output 
pins to which the relays are connected using a line of the form: 

int pump =5; // Pump connected via a relay on digital pin-5 

int heater =6; // Heater connected via a relay on digital pin-6 

Next, you will need to add a couple of lines into the setup ( ) code block, as follows: 

pinMode (pump, OUTPUT); // Pump is configured as an output 
pinMode (heater, OUTPUT); // Heater is configured as an output 

The relays and their respective loads can be turned on and off incorporating the 
following lines of code at appropriate points in the main program loop: 
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digitalWrite (pump, LOW); // Turn the pump off 

digitalWrite (pump, HIGH); // Turn the pump on 

digitalWrite (heater, LOW); // Turn the heater off 

digitalWrite (heater, HIGH); // Turn the pump on 

Listing 1 shows a complete example where a fluid is heated 
and pumped in a continuous 30s cycle. Note that the main 
loop repeats indefinitely and can only be interrupted by using 
the Arduino’s reset button. 


if (conditional expression) 

// code to be executed if true, 

/ / each statement ending with ; 
else 

// code to be executed if false 
/ / each statement ending with ; 

Here’s a simple example. Let’s assume that we are monitoring 
an analogue voltage and wish to set a threshold of 512 as the 
value at which a green LED should become illuminated and, 
below this value, we would like a red LED to be turned on. Our 
if ... else construct would then look something like this: 


(joding QJiickstart : Werstanding data types 


Making decisions based on what’s happening and then acting on 
this information in different ways is an essential pre-requisite 
of any programming language. C provides you with a variety of 
different conditional constructs that allow you to do this. Simple 
decisions can be made using nothing more than if and else, 
and loops can be controlled using while, do while, for and 
loop. We will look at all of these starting with if and else. 

The if construct 

The if construct is the most simple of all the conditional 
constructs. It is used when a statement (or a series of statements) 
should be executed when a particular condition prevails. The 
basic syntax is as follows: 

if (conditional expression) 

// code to be executed if true, 

/ / each statement ending with ; 

An example might be counting items into batches of 10 on a 
conveyor. Let’s assume that we need to operate an LED when 
the count reaches (or exceeds) ten items. The following fragment 
of code would do this: 

if (count >=10) 

digitalWrite (fullLED, HIGH) ; 

If the value of count is less than 10 the condition evaluates 
false and the statement following the condition is then simply 
ignored. However, if the value of count is 10 or greater then 
the condition evaluates true and the statement following the 
condition is executed. In some applications it canbe appropriate 
to use a series of if statements to detect various conditions 
and to act on them accordingly. 

The if . . . else construct 

The if ... else construct is straightforward; its syntax is: 


if (inVoltage >=128) 

digitalWrite (greenLED, HIGH) ; 
else 

digitalWrite (redLED, HIGH); 

Unfortunately, this isn’t quite the whole story. The red and 
green status LEDs should be mutually exclusive and so we 
might need to ensure that, when one LED is turned on the 
other LED is turned off. There are various ways that we 
could do this. We could either set them both off before we 
arrive at the if else construct or we could turn one on 
and the other off within a construct containing more than 
one statement (ie, a compound construct). Using the first 
method we might have: 

// start with both LEDs off 
digitalWrite (redLED, LOW); 
digitalWrite (greenLED, LOW) ; 

// now decide which LED to put on 
if (inVoltage >=512) 

digitalWrite (greenLED, HIGH) ; 
else 

digitalWrite (redLED, HIGH) ; 

The other possibility is: 

/ / Read the input voltage and 
/ / put the red or green LED on 
if (inVoltage >=512) { 

digitalWrite (greenLED, HIGH) ; 
digitalWrite (redLED, LOW); 

} 

else { 

digitalWrite (redLED, HIGH) ; 
digitalWrite (greenLED, LOW) ; 

} 


Notice how in this example we’ve compounded several 
statements after the ifandelseand that that we ’ ve intro duce d 
curly braces, { and }, to make the logic clear and unambiguous. 

Of course, at some point earlier in the 
code we would have to define the pins 
that we are using to control the two LEDs 
and initialise the variables (inVoltage, 
redLED and greenLED). 

Listing 2.2 provides you with a 
complete example that you can run using 
the excellent Arduino Uno simulator 
that we introduced last month. Eig.2.10 
shows the code running in the simulator. 
Notice how we’ve entered the LED 
pin numbers as well as the pin used 
for the analogue voltage input in the 
appropriate simulator boxes. You can 
vary the input voltage by using the slider 
in the bottom right of the screen, noting 
how the status LEDs respond, changing 
when the input voltage reaches the 512 
threshold. Einally, it’s worth noting how 
UnoArduSim reports the current values 
of all of the variables in the bottom left- 
hand window. 


Listing 2.1: Example of typical relay board code 

Hot fluid cycle: heat for 24s and then pump for 6s '^ / 

int pump =5; // Pump connected via a relay on digital pin-5 

int heater =6; // Heater connected via a relay on digital pin- 6 

void setup 0 { 

pinMode (pump, OUTPUT); // Pump is configured as an output 
pinMode (heater, OUTPUT); // Heater is configured as an output 

} 

void loopO { 

digitalWrite (pump, LOW); // Turn the pump off 
digitalWrite (heater, HIGH); // Turn the heater on 
delay (24000) ; // Wait 24s 

digitalWrite (heater, LOW); // Turn the heater off 
digitalWrite (pump, HIGH); // Turn the pump on 
delay(6000); // Wait 6s 

} 
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Listing 2.2: Using a compound if ... then construct 

/* Simple decision making using a compound if.. then 
construct 

int redLED =13; // red LED on digital pin 13 

int greenLED =12; // green LED on digital pin 12 

int InAnalogue = AO; // analogue input pin 0 
int inVoltage =0; // initialise the variable 

void setup ( ) 

{ 

pinMode ( redLED , OUTPUT ) ; 
pinMode (greenLED, OUTPUT); 

} 

void loopO 
{ 

/ / get the input voltage 
inVoltage = analogRead (InAnalogue) ; 

/ / illuminate the green or red status LEDs 
if (inVoltage >= 512) { 

digitalWrite (redLED, HIGH); 
digitalWrite (greenLED, LOW) ; 

} 

else { 

digitalWrite (greenLED, HIGH) ; 
digitalWrite (redLED, LOW); 

} 

} 

Conditions 

In the last example you should have noticed the >= condition 
that we used to find out whether the input voltage has exceeded the 
threshold value of 512. The ‘greater than or equal to’ condition isn’t 
the only one that we have to play with, as Table 2.2 shows. 

The while construct 

The while construct provides you with a means of continuously 
executing one or more statements until a condition evaluates false. 
The loop containing the statement (or statements) will continue to 
be executed as long as the condition remains true - but, as soon as 
it becomes false the loop will terminate and execution will continue 


Code 

Meaning 

Notes 

a == b 

a is equal to b 

True if a and b have the same value 

a!=b 

a is not equal to b 

True if a and b have different values 

a > b 

a is greater than b 

True if a is larger than b (but not 
true if they have the same value) 

a < b 

a is less than b 

True if a is smaller than b (but not 
true if they have the same value) 

a >= b 

a is greater than or 
equal to b 

True if a is larger than b (and also 
true if they have the same value) 

a <= b 

a is less than or 
equal to b 

True if a is smaller than b (and also 
true if they have the same value) 


Table 2.2 Conditions 


with the next subsequent statement. The basic syntax is : 

while (conditional expression) { 

// statements to be executed if true, 

/ / each ending with ; 

} 


Here’s an example that shows how a belt motor could 
be controlled using a while loop. The belt motor will 
run for as long as it takes for an item placed on the belt 
to reach a limit switch. Note that we must check the 
status of the limit switch inside the loop. If we forget 
to do this the motor will run forever! 

while ( limit SwitchStatus == LOW) { 

/ / Limit not reached so run the motor 
digitalWrite (motorRun, HIGH) ; 

// Check to see if anything has changed? 
limitSwitchStatus = digitalRead (limit Switch) ; 

} 


By making the conditional expression dependent on the 
value of a counter modified inside the loop we have a 
simple means of performing one or more statements a 
predetermined number of times, as follows: 
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count = 0; 

while (count < 50) { 

// code to be executed 50 times 
// each statement ending with ; 
count = count+1; 

} 

In this wait loop we increment the counter on every pass through the loop 
until it reaches 50, at which point the conditional expression evaluates to 
false and execution continues with the next statement in the code. Note 
this neater way of incrementing the count value, as follows: 

count = 0; 

while (count < 50) { 

// code to be executed 50 times 
// each statement ending with ; 
count++; 


example, checking the status of a number of 1/ O lines. 
It is important to remember that loop initialisation 
occurs only once and before the loop is executed 
for the first time. 

The next code fragment shows how the ASCII 
character set can be sent to the serial printer. Note 
that, for this to run, we would first need to initialise 
the serial port interface using a line such as Serial . 
begin ( 9 6 0 0 ) . Note also that we have declared the 
count variable, i , within the loop initialisation itself. 

for (int 1=0; i <= 63; i++) 

{ 

testValue = 64 + i; 

Serial. print (testValue) ; 

Serial . print ( "\n" ) ; 
delay (100) ; 

} 


In this case, count ++ is used to ‘post-increment’ the value of count. 
In other words, it takes the current value of count, adds one to it and 
places the new value back into the count variable. 

Finally, here’s an example showing how a simple wait loop could 
be used to flash an alarm LED ten times: 

flashCount = 0; 

while (flashCount < 10) { 

digitalWrite (alarmLED, HIGH) ; 
delay (500); // wait half a second 
digitalWrite (alarmLED, LOW) ; 
delay (500); // wait half a second 
flashCount++; 

} 

The do . . . while construct 

The do ... while loop works in a similar fashion to the while loop, 
but with the exception that the condition is tested at the end of the 
loop, not the beginning. This means that the statements within the 
loop will always be executed at least once. The syntax is as follows: 

do { 

// code to be executed at least once, 

// each statement ending with ; 

} while (conditional expression) ; 

Here’s an example of reading a pressure sensor and allowing it a short 
time for its output to reach a steady value: 

do { 

delay (100) ; 

// wait for the value to settle 
cp = readPressure ( ) ; 

// read the pressure sensor 
} 

while (x < 10 ) ; 

Inthisexample we are calling the readPressure () function 10 times 
before arriving at the final value returned from the sensor. 

The for loop construct 

The for loop is widely used in almost every computer language, and 
C is no exception. The construct is used to repeat a statement (or series 
of statements) whenever a condition evaluates true. If the condition 
evaluates false then the loop is exited and execution continues with 
the statement that immediately follows the loop. The for loop must 
be initialised at the outset and thus is a little more complex than the 
while loop. The basic syntax is: 

for (loop initialization, conditional expression, increment) { 
// statements to be executed if true, 

// each ending with ; 

} 


As with the while loop, a counter is often used to control the loop and 
this is incremented or decremented each time round the loop. This 
makes the construct ideal for use in any repetitive application, for 


Program structure and layout 

By now you should have gained some idea of what 
Arduino code looks like and how it is structured but 
before we go any further it is well worth explaining 
the layout of a C program in a little more detail. You 
may have noticed that the first few lines of code in a 
program usually take the form of a heading enclosed 
between pairs of characters, /* and */, which 
constitute a comment block. Everything between 
these two characters is taken as plain text and, since 
this has no effect on program execution you can use 
as many lines of text here as you want. 

The title comment block is usually followed by a 
number of variable declarations. The reason behind 
this is simply that, in the C language, variables 
must always be declared before they are used. In 
fact, declarations don’t have to be placed at the 
beginning of the program code but the point at 
which they are declared (ie, their position in the 
program) can impose restrictions on the scope over 
which they can be used. However, since we often 
need to use variables on a global basis (ie, anywhere 
in our program code) we will often place them 
before any of the other code. Declarations involve 
assigning a variable type (see last month), a name 
and (optionally) an initial value. 

Next follows code that’s used for setting up. This 
code is placed in a function called setup () and 
it is executed at the beginning and only once. The 
setup ( ) function is often used to specify the pin 
modes (ie, input or output) and to configure the 
Arduino ’s serial monitor, but if they are not being 
usedthe setup () function can simplybe left empty. 

The main program code is written inside a loop 
that executes forever (or until the reset button is 
pressed or the power is removed). This loopO 
function contains the functions that will execute 
when the program is being run. Each function 
takes the form of a block of code that is executed 
whenever the function is called. Eunctions can be 
the ones that are built into the language or they can 
be user-defined. This feature allows us to extend 
the basic language for our own needs with our 
user-defined functions calling other functions (both 
user-defined and in-built) as and when required. 
Eunction declarations take the form of one or more 
statements enclosed between curly braces, { and 
} . Note that each individual statement must end 
with a semi-colon, ; . 

As well as the block comments that we mentioned 
earlier, comments can be placed in-line. These 
consist ofplain text appearing after two // characters 
and added at the end of the line to which they apply. 
As previously mentioned, comments provide us with 
a useful reminder of what’s going on in the code 
and they can be invaluable when maintaining and 
debugging a program. 
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D1 (green) 

D2 (red) 

Condition 

Off 

Off 

Alarm waiting to be set 

on 

Off 

Alarm set and waiting to be triggered 

off 

on 

Alarm triggered and waiting to be cancelled 


Table 2.3: Status indication for the simple Arduino-based security alarm 


Listing 2.3: Code for the simple Arduino-based security system 

Single zone alarm with SET and CANCEL buttons */ 

int triggerinput =7; // Break to trigger alarm 

int setButton = 11; // Alarm SET button 

int cancelButton =12; // Alarm cancel button 

int alarmSound =4; // Siren 

int setLED =5; // Alarm SET LED 

int alarmLED =6; // Alarm triggered LED 

int setStatus = LOW; // SET button status 

int cancelStatus = LOW; // CANCEL button status 

int triggerStatus = LOW; // Trigger status 

void setup 0 
{ 

pinMode (triggerinput, INPUT) ; 
pinMode (setButton, INPUT); 
pinMode (cancelButton, INPUT); 
pinMode (alarmSound, OUTPUT) ; 
pinMode (setLED, OUTPUT) ; 
pinMode (alarmLED, OUTPUT) ; 
digitalWrite (alarmSound, LOW) ; 

} 

void loopO 
{ 

/ / Wait for set Button 
setStatus = LOW; 

while (setStatus == LOW && triggerStatus == LOW) 

/ / Loop must be closed to set the alarm 

{ 

// Check to see if SET button has been pressed 
setStatus = digitalRead ( setButton) ; 

} 

// Alarm has been set 
digitalWrite (setLED, HIGH) ; 

while (triggerStatus == LOW) 

{ 

// Check if the alarm has been triggered 
triggerStatus = digitalRead (triggerinput ) ; 

} 

//Alarm has been triggered 
digitalWrite ( setLED, LOW); 
digitalWrite (alarmLED, HIGH) ; 
digitalWrite (alarmSound, HIGH) ; 

while (cancelStatus == LOW) 

{ 

// Check if the CANCEL button has been pressed 
cancelStatus = digitalRead (cancelButton) ; 

} 

// Alarm has been cancelled 
triggerStatus = LOW; 
cancelStatus = LOW; 

// stop the alarm sound 
digitalWrite (alarmSound, LOW) ; 

// and also reset the LED indicators 
digitalWrite (alarmLED, LOW) ; 
digitalWrite (setLED, LOW); 

} 


Indenting (often by three or four spaces) 
is used to assist with program readability. 
This becomes particularly important 
when functions are enclosed within other 
functions. Finally, Fig. 2. 11 illustrates the 
various structural and layout features 
discussed here. 

Get Real .'Asimple Arduino- 
based security systems 


In this month’s Get Real we are going 
to use the Arduino Uno as the basis of 
a very simple security system. Once 
again, we’ve minimised the need for 
anything much in the way of additional 
hardware, so you will only need a 
mini-breadboard and a few commonly 
available components to try it out. 

You will need: 

Arduino Uno with power supply 
USB Type- A to Type-B cable 
Computer with an available powered 
USB port 

Mini-breadboard with a selection of 
coloured connecting leads 
1 standard red LED (D2) 

1 standard green LED (Dl) 

2 330^1 resistors (Rl and R2) 

2 lOkD resistors (R3 and R4) 

1 4.7kQ resistor (R5) 

2 miniature push-button switches (Si 
and S2) 

Proximity switches (as required) 

1 piezoelectric sounder (PZl) (must be 
DC type) 

Circuit 

The complete circuit of our simple 
Arduino-based security system is shown 
inEig.2.12. Itusessixofthe Uno’s digital 
I/O lines; three of these are configured 
as inputs and three as outputs. 

Two momentary action push-button 
switches. Si andS2, are used to SET and 
CANCEL the alarm. The former of these 
switches is sensed by digital I/O pin-11, 
while the latter is sensed by digital I/O 
pin-12. The input loop is connected 
between digital I/O pin-7 and ground 
with R5 acting as a pull-up resistor so 
that the input will go ‘high’ whenever 
the loop is broken. 

The green (SET) status indicator, 
Dl, is driven by digital I/O pin-5 and 
the red (ALARM) status indicator, 
D2, is connected to digital I/O pin-6. 
The piezoelectric sounder (buzzer) is 
connected to digital I/O in-4. Note that 
the sounder needs to be a DC-operated 
component (not one that requires AC 
excitation). 

Physical layout 

The components are shown mounted 
on the mini-breadboard in Eig. 2 . 1 3 . The 
two status indicator LEDs will need to 
be connected with the correct polarity 
(see Eig. 1.18 in last month’s Teach-In 
2016). If the layout proves problematic 
you could use a larger breadboard or a 
prototype shield (more of this in a future 
Teach-In 2016], 
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Fig.2.14. Actual breadboard arrangement 


Fig.2.11. A simple Arduino program with various structural 
features identified 


The input to digital I/O pin-7 is 
effectively a closed-circuit loop which, 
when broken, triggers the alarm. In a 
retail environment this can take the form 
of a continuous loop of insulated wire 
attached to any products that need to be 
protected. In order to remove an item the 
loop must be broken and this, in turn. 


will trigger the 
alarm. In other 
applications the 
loop can comprise 
one or more 
magnetically 
operated 
proximity 
switches, as 
shown in 
Fig. 2. 15. These 


are designed for discrete protection of 
doors and windows and they comprise 
a pair of moulded parts that need to be 
mounted adjacent to one another when 
the door or window to which they are 
attached is in the closed position. A 
permanent magnet is enclosed in one 
of the mouldings and a magnetic reed 
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switch is mounted in the other. Proximity 
switches normally have a sensing range of 
between 10mm and 15mm and they are 
ideal for use in a range of basic security 
applications. 

Code 

Listing 2.3 shows the complete code 
for the simple Arduino-based security 
system. To help you understand what’s 
going on we’ve included numerous 
comments in the code. Note that the 
main loop contains three while loops. 
The first of these waits for the alarm to 
be set (using Si). The second waits for 
the alarm to be triggered (when the zone 
loop is broken) and the third waits for the 
alarm to be cancelled (using S2). The two 
LEDs indicate as shown Table 2.3. 

Asbefore, the code shouldbe 
entered using the Arduino’s 
IDE and then saved before 
compiling and uploading it to 
the Uno, as described in last 
month’s Arduino Workshop. 
Don’t forget to save your work 
by clicking on ‘File’ and 
‘Save’ or ‘Save As...’ when 
you finish. 

Next, click on ‘Sketch’ 
and ‘Verify/Compile’. 
Where errors occur during 
compilation they often arise 
from missing semi-colons or 
incorrectly matched pairs of 
curly brackets. Note also the use of two 
equality signs (==) in the conditional loop 
statement. The compiler will fail if you 
only use one of them. 


4.7t 


prcKimitv 

I SIC, 


Fig.2.12. Circuit of the simple Arduino-based security system 



Fig.2.13. Fritzing breadboard arrangement for Fig.2.12 


Testing 

When you’ve corrected any coding errors 
that the compiler reports you will be 
ready to upload your code to the Uno. 
Just click on the upload arrow and watch 



Fig. 2.1 5. Some common types of 
proximity switch 
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Fig.2.16. Using UnoArduSim to simulate the execution of Listing 2.3 (note that we’ve selected 
rising-edge triggering for digital inputs 11 and 12) 


the progress report - but, before you do this it is important 
to make sure that the input loop is closed. The LEDs on the 
Uno should flash and the code should begin to execute. At 
this point neither of the status indicators, Dl and D2, should 
become illuminated. If you now press the SET button the 
green LED, Dl, should become lit. This indicates that the 
alarm has been SET. 


Arduino Electronics 

Upgrade your Arduino Electronics to the Next Generation with 

TlnyDuino 


If you now break the loop 
the alarm will be triggered. In 
this condition the red status 
LED should be illuminated 
and the piezoelectric sounder 
should be operating. To reset 
the alarm you can press 
the CANCEL button, S2. 
Note that the alarm cannot 
be cancelled if the loop is 
still broken. To re-instate 
the alarm you will need to 
close the loop again, press 
the CANCEL button and, if 
all is well the red LED will 
go out and the circuit will 
then be ready to be put back 
into the SET state. 

Going further 

There’s a great deal of 
scope for going further 
with our simple Arduino- 
based security alarm. The 
most obvious enhancement 
would be the addition of 
several more zones, each 
with an LED to indicate 
which of the zones has been 
triggered. All this needs is 
more of the digital I/O lines 
configured as inputs and outputs (one pair for each additional 
zone) together with some code that will poll each of the loops 
in turn to see if any of them have been triggered. 

Another useful modification would be an entry/ exit delay that 
would operate on the zone associated with access. This would 
allow an entry door to be opened and closed without triggering 
the alarm for a short period after pressing the SET button. 

Eor applications in which a mains-operated sounder 
or floodlighting is to be controlled, the output from the 
piezoelectric sounder can be connected to a relay interface or 
a ready-made relay board like those described earlier in this 
month’s Teach In 2016. All of this makes this simple project 
an excellent candidate for further experimentation. 


As powerful as the Arduino Uno but smaller than a 2 pence coin. 
Available from our eShop 



All the power of the Arduino in a fraction of the space, great 
for building intelligence in to your projects. 


r« ComMct ShwMf 



Complete with a wide and growing range 
of TinyShields- where will your next 
project take you? 

M)ve up to the Next Generation! 

Fantastic for schools especially D&T and 
Computing, meets the new requirements 



As an authorised reseller with an educational and 
training focus we can support all aspects of this 
outstanding piece of kit! 

Get yours today via our eShop 



www.eshop.icsat.co.uk 


Next month 

In next month’s Teach-In 2016 we will look at displays and 
keyboards that can be used with the Arduino. To this end, 
Arduino Workshop deals with interfacing an alphanumeric 
LCD display and Arduino Wbrid looks at keypads and buttons. 
Our programming feature. Coding Quickstart, introduces string 
and string manipulation and the functions that you will need 
to read and print lines of text. Einally, Get Real will show you 
how to build a simple entry/ access control system. 
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UK designed and manufactured 


ZEN50 


Zener Diode Analyser 

(inc. LEDs, TVSs etc) 


New product! 

[ntrodudng the new Atfas ZEN (model ZEN50) for looting Zeners 
(includiryg Avalanche diodes) and many other components. 

- Measure Zener Voltage (from 0,00 up to SO.OOV!) 

- Measure Slope Resistance, 

- Selectable test current: 2mA, 5mA, 1QmA and 15mA^ 

« Very low duty cycle to minimtse temperature rise. 

- Continuous measurements. 

<- Single AAA battery (included) with very long battery life. 

- Gold plated croc clips included. 

- Can measure forward voltage of LEDs 

and LED strings too. 




Semiconductor Analyser 
- Identify your semi's 


New low price! 

Connect any way round to identify the type of component and 
the pinout? Also measures many parameters including 
transistor gain, base-emitter voltages. MOSFET thresholds^ 
LED voltages etc. Complete with a comprehensive iflustrated 
user guide. Includes an Alkaline battery so you’re ready to go 
straight away. 

-Transistors (including NPN/PNP, 
darlmgtons, silicon and 
german ium). 

-Diodes and LEOs. 

-MOSFETs. 

-Measure hpE^ 

• Gold plated 
hook probes. 

-Free technical 
support. 

-2 year warranty. 


£48.00 

C40.D0+VAT 



LCR45 


LCR and Impedance Meter 

with Auto and Manual modes 


New product! 

Iniruducing a new powerful LCR meter that not only Identifies and 
measums your passive oomponenis (Inductors. Capacitors and 
Resistors) but aiso measures complex impedance, magnitude of 
impedance with phase and admittance loo! Auto and Manual lest 
modes allow you to specify the test frequency and component type. 

- Continuous fluid measurements. 

- Improved measurement resolution: (<0,2 mH. <0,2pF), 

- Test frequencies: DC, 1kHz. ISkHZt 200kHz, 

- Measure the true impedance of speakers and more. 

* Great for hobbyists and professionals. 



£90.00 

E75.00+VAT 


DCA75 



Advanced Semiconductor 
Analyser and Curve Tracer 


New low price! 

The DCA Pro features a new graphics display showing you 
detailed component schematics. Built-in USB offers 
ama^ng PC based features too 
such as curve tracing and 
detailed analysis In Excel, PC 
software supplied on a USB 
Flash Drive. Includes Alkaline 
AAA battery and comprehensive 
user guide 



Li's only possible to show surnrhary spocificalions here. Please ask Lf you'd ilka detailed data, Fudhor mfdnmaboo is also available on oui' weUfiite. Product puce refunded H you're not happy. 
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Atlas House, 2 Kiln Lane 
Harpur Hill Business Park 
Buxton, Derbyshire 
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Audio Out special - review of Peak LCR45 



Fig.l. The LCR45 impedance analyser and LCR meter. The attachable 
surface-mount tweezers are an optional extra 


Most of us have a DMM that can accu- 
rately measure resistance - but what 
about capacitance, inductance and 
impedance? Jake Rothman reviews a 
flexible new impedance meter from 
Peak that meets this need. 

Occasionally new test gear is launched 
that can really make one’s life more 
productive. Sadly, often the opposite’s 
the case, but the arrival of the Peak 
LCR45 (Fig.l) wiped many tedious and 
repetitive calculations from my life with 
the push of two little buttons. They’ve 
done the number crunching so 1 - and of 
course you - don’t have to. I’ve always 
thought that being able to easily meas- 
ure parameters brings the quantitative 
and empirical aspects of design closer 
together. Peak’s little unit combines 
standard inductance (L) capacitance 
(C) resistance [R) and impedance (Z) 
measurements in a pocket-sized device. 

Basic accuracy 

1 have a stash of military resistors and 
capacitors with very close 0.05% and 
0.01% tolerances, see Fig. 2. Checking 
these with the Peak showed them to 
read within these tolerances, which 
gave me confidence in the unit’s basic 
accuracy. It was much better than my 
digital multimeters. The resistance 
agreed with my 5-digit DMM. The 
best inductors 1 have were only ±2%, 
but 1 know that Peak have ‘Repair and 
Calibration Ltd’ traceable calibration 
standards. The unit can even auto-null 
the LRC parameters of its own probes 



Fig.2. A simple task - measuring a 0.05% tol- 
erance precision resistor 


for accurate read- 
ing of low values. 

Autosetting 

The LCR45 au- 
tomatically de- 
tects the type of 
component being 
measured (L, C 
or R), using DC 
for resistors and a 
suitable frequency 
for reactive com- 
ponents (IkHz, 

15kHz or 200kHz). 

Small values need 
high frequencies 
and audio parts 
normally use 
IkHz. It is pos- 
sible to de-select 
the auto function 
and make the unit stay in one mode. 
For audio work, mainly transformer 
testing, 1 set it to the IkHz inductance 
mode. To be honest, it is a pig for a 
non-menu-oriented person to set this 
up, possibly because of a time-out set for 
a 20 year-old! (My 17 year-old son can 
reconfigure it very quickly) 1 took the 
lazy way out and now have two units 
in the lab, one on auto, the other set to 
‘L’ at IkHz. Maybe an extra frequency 
select button is the solution, but the 
re-tooling cost would be prohibitive. 


Impedance 

For beginners, 1 say ‘impedance is 
AC resistance’, but that is not really 



Fig.3. Using the LCR45 to measure the imped- 
ance of a loudspeaker. Note it is slightly below 
the specified 8 . This is a standard trick to 
boost the apparent sensitivity at the expense 
of increased current draw 


true. It is more accurate to say it is 
the Pythagorean combination of DC 
resistance (the real part) and AC re- 
actance (the complex or ‘imaginary’ 



Fig. 4. Argand diagram illustrating complex 
impedance 









I 

HIGH Q CrtOKE 


rypt CH2 



Fig. 5 a (top). Connecting a small radio fre- 
quency choke to the LCR45. Just before turn- 
on. Fig.5b. (bottom) Stepping through the 
measurement sequence on automatic with a 
small inductor. This shows the inductance, 
the DC resistance and the frequency at which 
the measurement was made 

part) called the impedance magnitude. 
This is why some components, such as 
loudspeakers, are given an impedance 
value. A typical 8q_ speaker will have 
say, 6.3q_ of DC resistance due to the 
thin wire used in the voice coil and 
an inductance due to the winding on 
a magnetic core. Fig. 3 shows a small 
Visaton 8q_ speaker measured on the 
Peak. Note that the impedance’s mag- 
nitude and the phase are given. This 
is called ‘polar form’. Speaker imped- 
ance is normally specified at IkHz in 
the middle of the audio range and well 
away from the fundamental resonance, 
which causes an impedance peak. 

Complex numbers 

When dealing with impedances and 
reactances, pretty soon you hump into 
an area of mathematics called ‘complex 
numbers’. An equipment review isn’t 
the place for a maths lesson, hut it is 
well worth explaining why they are 
used. If you are dealing with alternating 



LCft and impedance mister 


A w.sfnrn^ avoid 




LCR45 


it\enu 


Fig.6. With each push of the ‘enter’ button, the 
unit goes onto the next measurement. Com- 
plex impedance is now displayed 



Fig.7. Admittance - reciprocal of impedance 
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Fig.8. Impedance magnitude and phase 


voltages and currents then to fully de- 
scribe a signal you need to quantify the 
signal’s frequency and magnitude (for 
example its peak value). However, that 
is not the full picture. You also need to 
describe a signal’s phase. For example, 
the phase relationship between current 
and voltage. In a purely resistive circuit 
the current and voltage are exactly in 
phase - the voltage and current rise and 
fall together; but, as soon as you add 
some capacitance and/or inductance 
then this phase relationship changes, 
and this is where complex numbers 
become useful. Applying complex 
numbers let’s you easily take account of 
not just frequency and magnitude, but 
also phase. When wielding ‘complex 
numbers’, engineers use the j operator 
to wind up mathematicians who like 
to use i to denote ‘imaginary’ numbers 
(more seriously, j is used to avoid con- 
fusion with i for current). 

When quoting an impedance (Z) in 
complex form you will see a figure of 
the form Z=R+jX. The R represents the 
purely resistive part of the impedance 
and the X part is the purely reactive 
part. You can’t just add these two com- 
ponents together because the X part is 


multiplied by j, the complex operator. 
Although tricky to use, complex nota- 
tion is a useful mathematical tool to 
indicate the reactive and real parts of 
an impedance. The main advantage is 
that we can perform AC circuit analysis 
using simpler calculating techniques 
developed for DC. To have a tester that 
gives a direct readout for a component 
or network in complex form is unique 
at Peak’s price. 

‘Complex numbers’ do appear com- 
plex to many electronics students and 
they find AC theory dull. The Peak 
unit’s instant readout (see Fig.6) re- 
moves this layer of abstraction, aiding 
the learning and prototyping process. 
1 remember the same liberation occur- 
ring when we went from null bridges to 
digital multimeters. (1 must talk to the 
university technician and get him to 
order some!) The proper printed man- 
ual supplied with the Peak illustrates 
complex impedance in a succinct 
‘Argand diagram’, shown in Fig. 4. The 
unit will also give admittance readings 
(see Fig.7) which are the reciprocal of 
impedance and useful for calculating 
components in parallel. 

Testing common components 

Inductors 

A great deal of inductors are cus- 
tom-made components having only a 
cryptic in-house ID number and many 
more are simply left unmarked. An 
inductance meter is a great help here. 
Also, one may have to wind one’s 
own for say, Theremin loading coils, 
lightning detectors and switch-mode 
power supplies. Using the Peak 1 was 
horrified to see the discrepancies be- 
tween data-sheet calculations for pot 
cores and the actual measurements; 
sometimes 50% out. 

Since the unit gives simultaneous 
readings for inductance and DC re- 
sistance, it is ideal for checking loud- 
speaker passive crossover inductors, 
which are often air-cored with signif- 
icant resistance. This must be taken 
into account with the design. The 
same is true with RF (radio frequency) 
components where the resistive losses 
determine the ‘quality factor’ or Q of 
resonant circuits. Fig. 5 to Fig.8 show 
me stepping through the readings for 
an old radio frequency choke. 

Capacitors 

The LCR45 has a null function for can- 
celling the probe parasitic capacitance 
and it is capable of measuring very low 
capacitances, such as those between 
strips in a breadboard, down to about 
0.5pF. Fig. 9 shows the unit measuring 
a close tolerance polystyrene capacitor. 
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Fig. 9. Measuring a 2% tolerance lOOnF poly- 
styrene capacitor 


Resistors 

One problem I have had with with 
wirewound resistors is parasitic in- 
ductance. The 0.22Q source resistor 
shown in Fig. 10 caused oscillation 
problems with some MOSFET power 
amplifiers 1 was designing. The in- 
ductance was 10 times higher than 
normal, which stopped the Zobel 
network from working. 1 found the 
cause to be the resistor manufacturer 
had used low-resistance copper wire 
instead of Nichrome, requiring many 
more turns for a given resistance. 
This resulted in higher inductance. A 
normal Welwyn vitreous wire-wound 
resistor is shown in Fig. 1 1 . If you need 
a near-zero inductance resistor then a 
film or composition resistor must be 
used (Fig. 12). 

Audio transformers 

For anybody involved in transform- 
er-coupled audio circuits, this tester is 
an essential piece of kit. For example, 
if you are building a Deacy amp (see 
Germania Part 3, EPE June 2015); a 
transformer-input moving-coil RIAA 
pre-amplifier [EPE Oct 2015); or a 
Neve microphone pre-amplifier, you 
can check your transformer imped- 
ances are right. 1 even used the unit to 
sort out an impedance problem with 
a lOOV line-distributed loudspeaker 
system in a hotel which paid for the 
unit several times over. Here’s some 
measurements 1 took from some com- 
mon audio transformers: 

■ Eagle LT44 driver transformer load- 
ed with Ikfl across whole secondary, 

= 16.5k, primary inductance 
= 738mH 

■ LT700 output transformer with 3.3fl 
load, = l.lkfl across whole pri- 
mary, 38mH inductance (useful for 
calculating the bass roll-off point) 

■ LT726 output transformer with both 
3.2Q and 8Q loads, Z^^ = 476fl 

■ Vigortronix VTX-101-003 in MC 
(moving coil) pre-amplifier, Z-^^ = 
261Q with 47kfl load 

■ Xicon 42TU200-RC output trans- 
former gave expected 200fl load 



Fig.lO. 0.22Q wire-wound resistor with unu- 
sually high parasitic inductance. These resis- 
tors caused problems when used as source/ 
emitter resistors in audio power amplifiers 



Fig.ll. ‘Normal’ wire-wound resistor 
inductance 



Fig.l2. A fusible metal-film resistor exhibits 
negligible inductance 


with 8Q winding. 1 found the sec- 
ondary was actually a centre-tapped 
(CT) winding, which gave 2F1 as the 
correct load for the 8.2F1 winding. 
The Peak uncovered a winding 
error here! This was no loss, as 1 
soon developed a 
distributed load 
germanium output 
stage to use the CT 
output winding. 

Eig.l3 shows the 
Xicon transformer 
connected to an 
8fl speaker, giving 
the expected 200£1 
reflected load. 


Currawong Valve Amplifier design 
[EPE, November 2015). Sifting through 
the vast number of variations pro- 
duced to find the right one was a 
massive task 1 never finished. This is 
because the load impedances aren’t 
specified, manufacturers usually just 
quote the power drawn from the line 
- typically 1.25W, 5W... Although it 
is perfectly possible to calculate the 
impedance knowing just the power 
tap and the load impedance, it is much 
more accurate to measure it directly. 
Here are the theoretical impedance 
values from R = V^/P where P is the 
power tapping and V =100V RMS: 


15W 

660 n 

12W 

827Q. 

6W 

1650n 

5W 

2000Q 

4W 

2500Q 

3W 

3330Q 

2.5W 

4ooon 

2W 

sooon 

1.5W 

6 soon 

1.25W 

8kn 

IW 

lokn 

0.5W 

20 kn 


lOOV line transformers can only be 
used with push-pull valve amplifiers 
since they cannot tolerate a DC com- 
ponent in the core because they are 
un-gapped. This means they must have 
a centre tap on the winding. Most of 
my lOOV line transformers had to be 
instantly dismissed for valve use be- 
cause the tappings were on the second- 
ary low-impedance side. To measure 
the impedance on the primary it is 
essential to load the secondary with 
the specified impedance, usually an 
8fl or 16fl resistor (see Eig.l4). 1 had 
one Eagle P038 transformer which 
measured half the calculated imped- 
ance and whose centre tap was not 
quite mid-way. 1 finally found a 20W 


Currawong 

inspiration 

1 wish 1 had got round 
to trying cheap lOOV 
line transformers 
for output trans- 
formers in a valve 
amp like the recent 



Fig.13. Measuring the impedance of an 8Q speaker reflected through 
the Xicon output transformer. Your delicate germanium transistors 
will be safe 
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Fig.l4. When measuring the impedance of 
transformers it is essential they are loaded 
with the correct load resistance 


Adastra transformer that gave an 
load with a centre tap, see Fig. 15. Note 
this measures each way from the 
centre tap because impedance ratio is 
turns ratio squared. This is ideal for a 
pair of EL84 pentode valves, beloved 
by guitarists for the basis of a lOW 
guitar amp, as shown in Fig. 16. It also 
had a 1611 tap on the secondary for 
use with light paper-cone 1611 12 -inch 
Celestion G12 speakers, often cited as 
being an essential component of the 
‘British guitar sound’. 

Other measurements 

1 measured the output impedance of 
my test bench amplifier [EPE, Dec 
2014) in constant-current mode and 
found it was 2411. 1 calculated it to 
be 5011. (Important note - be careful 
when doing measurements like this, 
it could damage the Peak meter.) The 
Peak is also useful for measuring input 
impedance and input capacitance, 
often due to the Miller effect and RF 
filters. You need to be careful the 1.5 V 
peak-to-peak pulsed IkHz test signal 
does not cause overloading, as this will 
alter the reading. 



100 V LINE THANISfOHMEflS 
TAPPINGS ^ 1.25, 3 J, 10, lOVi 


N llll 

W ^ l3D1 


W 5^015972 1 054192 II 

^ WWW 4om 



Fig.15. This Adastra 20W lOOV line trans- 
former is ideal for small valve amplifiers. It 
gives an 8kQ anode-to-anode load with a cen- 
tre tap. Stock code 952.440UK. Order code 
from CPC is DP33221, £7.50 plus VAT 
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Fig.16. A typical valve output stage suitable for a small guitar amp using the Adastra transform- 
er. Using lOOV line transformers will save about £40.00, but you need a Peak analyser to check 
the impedances are right 


Surface-mount tweezers 

One part of my work is reverse en- 
gineering to work out the circuits of 
competitors’ products. Schematics 
have always been hard to get, but at 
least in the old days components had 
their values marked. Not anymore! 
- most surface-mount ceramic capac- 
itors have no markings, possibly just 
a vague tint indicating the dielectric 
used. Pick-and-place machines have 
no need to read, they just put on what’s 
in the tube. Using the LCR45 with 
the optional plug-in SMD03 tweezers 
illustrated in Fig.l, Fig. 17 and Fig. 18 
produced a solid measuring system. No 
more messing about with meter probes 
pinging that unknown cap into the 
component-eating carpet black hole! 

Cost effective 

The cheapest alternative to the Peak 
LCR45 is a Tenma 72-6948 impedance 
meter (which only works at IkHz) and 
a separate LCR meter, both only offer 
3.5 digits, as opposed to the Peak’s 4 
digits. Together, these would cost over 
twice the price of a Peak. The only 
advantage of the Tenma is its large 
display, which is useful for teaching. 


An OLED option for the Peak analysers 
would greatly improve visibility, but 
then battery life would be very short. 
1 notice the unit uses the unusual 
mini 12V GP23A battery - just like 
the older Peak LGR40. 1 have to keep 
these batteries especially in stock for 
my Peak analysers. The GP23A will 
last a long time, thanks to the Peak’s 
current consumption of 4mA. Also, the 
LGR45’s reading speed is now almost 
10-times quicker than the old LGR40. 



Fig.l 7. Surface-mount tweezers are available. 
Here they hold a typical unmarked ceramic 
capacitor. It is actually a 3.3nF COG type, but 
you would never know until you measured it 
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Fig.l8. Measuring a capacitor in-circuit on a PCB. Although not an ac- Fig.19. Good-quality internal construction of the unit. (PCBs don’t 
curate technique, the Peak deals with parallel components better than have to have green solder resist!) 
most LC meters 

Happy termination 

Overall 1 would say this is an essential piece of 
equipment for any audio or RF circuit designer 
who can’t afford a £5k Agilent rig. Now, if only 
Peak could do something to measure total har- 
monic distortion. I’m tired of hiring expensive 
bench analysers to test power amplifier designs. 

Imagine it, a little pocket box that would give 
you THD at say lOOHz, IkHz and 10 kHz down 
to 0.001%. 

Purchase and further information 

The LCR45 is available from Peak for £93 (incl 
UK p&p and VAT). Further details at: www. 
peakelec.co.uk/acatalog/lcr45.html 


DCA75 update 

Since reviewing Peak’s DCA75 in EPE, Sept 2015, I’ve tested 
hundreds more devices on it. The new software update installed 
without problems from the website, even for me - ‘Mr. Analogue’ ! 
The Peak designer has added a few things 1 had asked for, such 
as for bipolar transistors, for JFETs and the problem with 

LM317 voltage regulators was also fixed. 

One thing I’ve noticed is that some transistors that fail to op- 
erate in a circuit, still measure fine on the DCA75. I’ve found 
this is usually because the device is breaking down at a higher 
voltage than the analyser tests at. 1 had some BF245A JFETs 
used in a ±12V circuit that broke down causing an offset. This 
problem is rare however, since 95% of transistor failures are 
definite hard faults. 
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I N FEBRUARY’S Net Work I 
revisited the market for domain 
names, showing how the choice 
for generic top-level domains (gTLDs) 
has grown from simple dot-coms to 
include .plumbing, .solar and many 
more names that allow domain name 
users to demonstrate their affiliations. 
In the UK, domain registrations are 
ultimately managed by Nominet, 
the conflicted body that recently 
announced a 50% price rise in the 
cost of .uk domains from March 2016, 
complaining that ‘costs have risen 
considerably since [they] last changed 
the price, and [they] need to compete 
in a promotion-driven industry.’ This 
reflects the commercialisation and 
commoditisation of the Internet and 
a price review may become a yearly 
exercise. 

This month, 1 examine what’s 
happening with current website 
design trends, contrasting the latest 
styles against the founding principles 
of early web-based services. 1 was 
recently seated in a hospital waiting 
room, marvelling at someone who 
was tapping out an email on her 
smartphone, her blurry thumbs 
travelling at death-defying speed. 1 
spent the time musing about how easy 
to use the worldwide web used to be 
compared with today’s over-elaborate 
online offerings. Originally, websites 
were silos of information designed 
for viewing on fuzzy CRT computer 
screens. They typically had a simple 
navigation menu along the top or 
down the side. Invariably, clicking a 
logo at the top left would return users 
to the home page so users could find 
their feet again. On fancier websites, 
javascripted buttons changed colour 
when you ‘moused’ over them. 
Surfers of the 1990s were spellbound 
by Intel’s new website (in the era of 
Intel’s ‘BunnyPeople’ and the Pentium 
processor) whose homepage featured 
circuits with highlights travelling 
around their conductors: few users 
had seen an animated .gif before then. 

More than anything, web pages 
were designed hopefully with the 
mantra of Don’t Make Me Think in 
mind. This was the title of a milestone 


Steve Krug^^ 
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A Common Appro jch to Web Uijbitity 
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Don’t Make Me Think laid down 
early common-sense rules for web 
page usability back in the year 2000. 
(Peachpit/Pearson) 

textbook written in the year 2000 
by Steve Krug, aimed at shaping an 
emerging generation of so-called 
‘new media’ designers. The book 
encouraged the design of websites 
that were straightforward, intuitive 
and consistent to use, without letting 
design (heaven forfend) get in the 
way of usability, which ensured 
that surfing visitors did not end up 
stumbling around or losing their way. 

Almost anybody could create a web 
page by formatting text in hypertext 
mark-up language or HTML. EPE 
Magazine’s earliest website was 
created using the then-new idea of 
WYSIWYG web design programs (the 
fantastic SoftQuad HoTMetaL Pro) to 
speed the production of static web 
pages; the primitive results are hosted 
in the Vault section of the EPE website 
at: www.epemag.com/projects-legacy. 
html 

Commercialisation forced the pace, 
and HoTMetaL was swallowed by 
Corel and Macromedia’s fabulous 
Dreamweaver, the industry standard 
of webdesign programs, which was 
then melded into the Adobe empire 


of costly subscription-based services. 
Design techniques continued to 
evolve, and web designers started to 
think more in terms of accessibility, 
tablet users, styling and database- 
driven dynamic websites instead of 
‘static’ pages that anyone could bash 
out for themselves in an evening. In 
came the demand for social networking 
- a web superimposed on the web - as 
well as content management systems 
and blogging using tools such as 
Wordpress and Joomla, and the face of 
the worldwide web changed forever. 

The tabloid web 

In my view, the web’s founding 
principles of Don’t Make Me Think 
seem to have been abandoned as we 
stare at increasingly over-designed, 
artistically bloated efforts produced by 
today’s crop of earnest ‘youngbeards’. 
No longer is it assumed that website 
visitors use a PC screen, keyboard 
and mouse to navigate around 
menus. Instead, naturally, tablets and 
smartphones are the popular surfing 
tools of choice (noting that tablet sales 
have peaked: everybody has got one) 
and the idea of swiping, pinching, 
zooming and flicking around web 
pages has been cemented into their 
design ethos. Even though I’m 
hardly a surfing neophyte, checking 
around some modern websites on 
a widescreen monitor leaves me 
feeling like a non-swimmer thrashing 
around an Olympic-sized swimming 
pool, while searching desperately for 
the ladder. 1 abandon them all too 
frequently, feeling very frustrated and 
short-changed by the experience. 

The present design trends originate 
from mobile ‘apps’, pint-sized 
programs offering basic fingertip 
navigation and simplicity of use for 
the mass (and largely non-lT literate) 
market of tablet and smartphone 
users. Traditional website navigation 
menus and ‘home’ buttons are being 
replaced by cogwheel icons that pop 
open a flyout menu, or meaningless 
badges of three dots or bars that 
supposedly unlock the navigational 
mysteries of the website as if by 
magic. It appears that websites are no 
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Logitech’s redesigned website typifies current trends with fiat 
styiing and app-iike behaviour - the author gave up on it 

longer to be considered as sites but as ‘apps’ in their own 
right. Then you have to scroll down acres of increasingly 
overblown, often animated and distracting, photo-quality 
‘hero’ images (a term borrowed from print publishing) 
to get to the information that you seek, if you’re lucky. 
Sometimes the journey is so long that you forget what you 
are looking for. 

In the latest version of the book Don’t Make Me Think, 

one chapter is entitled Help! My boss wants me to . 

Surviving executive design whims. This likely reflects the 
ever-present conflict that exists between ‘creatives’ and 
hard-nosed business people. Probably everything that 
is going wrong in web design trends was typified by my 
experiences when fetching some webcam software from 
Logitech’s website (www.logitech.com). Last Christmas, a 
Logitech HD webcam was re-installed (as featured in Net 
Work, February 2012) to allow some festive Skyping with 
friends who were holidaying abroad. Luckily, I had the 
original installation CD, but the software’s built-in web 
hyperlinks no longer worked because Logitech had deleted 
the target web pages (Happy Christmas to you too!). Their 
website had been redesigned to reflect current fashions: 
getting in the way of pinpointing some information. 1 
found acres of flat, bland coloured tiles, truly overpowering 
product images and endless scrolling that needed much 
futile mousing to navigate around. 

Nowhere were the necessary legacy files to be found, 
and only by digging deeply in forums did 1 learn that a 
Logitech webcam ‘update’ had rudely disabled some 
original features that 1 wanted to re-install (great!), 
so 1 would have to use the earlier version’s software. 
Eventually, 1 checked the Wayback Machine at archive, 
org to find the legacy software on an archived copy of 
Logitech’s website from several years earlier, and finally 
my webcam was up and running again. Needless to say, 
Skype then attempted another upgrade, too, and more flat 
2D icons were hammered home. 

Another prime example (in my view) of this almost 
tabloid-style of presentation is Nominet’s web presence at 
www.nominet.uk/products-services, with screen-hogging 
animated hero images that could induce motion sickness in 
its visitors, rather than focussing on the role of giving out 
essential information in a ‘tightly designed’ website that is 
informative and easy to travel around. 

End of an era? 

Although Net Work is not a computer column as such, the 
gap between IT and networking is blurring fast, and more 
signs of dumbing down and minimalist styling can be 
found in current operating systems. Users generally seem 
to love or hate the flat style of Windows 8 or 10 and many 
are resigned to what is happening: the way we are forced 
to use our computers is changing, and not necessarily 
for the better, either. At EPE we like to think we know 
our readership well and many readers are highly skilled 
PC users; it’s common to use a Windows PC as a tool for 
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The Wayback Machine is a goidmine of iegacy web fiies and 
information. The timeiine and caiendar show archiving activity 

farchive.orgj 

projects, including PIC programming, data logging or as a 
valuable part of a test equipment line-up. For 20 years it has 
been straightforward enough for us to own and run a PC, or 
build or reformat one if needed: just launch the Windows 
disk and tap in the serial number, then install your choice of 
programs, download a ton of patches or drivers, enter more 
serial numbers and restore any backed up data as needed. 
Although a bit of a chore, at least it has been manageable 
and the electronics hobbyist’s life has been satisfying and 
rewarding in that respect. 

1 fear the sun is going down on the way in which we enjoy 
using a PC as part of our hobby: that’s because a concerted 
effort is under way to turn Microsoft Windows into a 
constantly-evolving OS with the Internet playing a leading 
role. Microsoft wants everyone to sign up to Windows 10 
and then future updates will consist of a rolling program 
(pun intended) of incremental patches rather than an 
entirely new release. 

‘Updates’ 

The same approach has long been adopted by Android 
(currently on Version Marshmallow - KitKat and 
Lollipop are history), Google’s mobile OS that has its 
roots in Linux. As 1 write this column, my HTC One has 
downloaded another 180MB Android update, requiring 
292 app updates (it says here) and it managed to lose my 
Wi-Fi passwords in the process. While the Windows 10 
update is currently free, many power users will deplore 
Microsoft’s attempt to wrest control of their desktop PC 
this way. EPE readers know exactly how they like their 
PC to look and feel, and there is often intimate knowledge 
of the underlying system, acquired through many years 
of skilful use that enables one’s PC to be tweaked and 
tuned accordingly. 

Readers will sympathise with Net Work regular Steve 
Alsop, who writes in again: ‘There has been another 
massive and major update this week to Windows 10, 
which annoyingly changes a lot of settings without telling 
you. For example, in: Advanced system settings/Advanced 
tab/Environment Variables, under both User variables for 
(xxx) and under System variables for both the TEMP and 
TMP variables, 1 use C:\Temp (1 create a Temp folder on 
the C:\ drive, or when 1 have a slave drive 1 use D:\Temp 
instead). This directs all garbage into one folder because 
Windows or apps do not always remove their temporary 
variables when closing or shutting down, so you end up 
harbouring masses of rubbish. When it is always in one 
folder at least you can do spot checks and delete the items. 
This last Windows 10 update altered these settings. 1 really 
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Dq that thing you do. 
Safer. Don't miss 
Windows 10 for FREE! 


Enjoy ^'rT’.proved ^acurity on Wndcws 


Schedule yo jr u parade! 


Windows 7 and 8 users can expect more of this kind of 
thing. The nag screens can be removed (see text) - for 
now anyway 

do despair with WlO as this second update has taken 
lots out of working time.’ 

Problems with Windows updates caused much 
displeasure in the household last Christmas, as Microsoft 
disabled the Yuletide Advent Calendar, an annual family 
treat downloaded each year from jacquielawson.com, 
whose Flash-animated ecards are joys to behold. After 
updating the Windows 8 machine, the Advent Calendar 
vanished halfway through the month for no reason. It 
was eventually downloaded again and re-installed, and 
happily the PC had remembered the original settings 
so the countdown to Christmas could carry on where 
we left off, but the Windows update wasted a lot of 
time and severely damaged the confidence of some 
inexperienced PC users. Certain other programs are also 
being deliberately disabled by Windows updates. 

At the time of writing it is not clear whether or not 
Windows 8/10 updates will become compulsory in 
coming months. How to remove the ‘Get Windows 
10’ popup is now well documented - in Windows 7, 
delete Windows Update KB3035583 (also see Net Work, 
January 2016), but on the shiny new Windows 8 PC 1 
mentioned in the same issue, 1 went further: the upgrade 
reservation can be uninstalled completely by removing 
KB2976978 (Compatibility Update for Windows 8 / 8.1). 
Microsoft describes this update as ‘...diagnostics [that] 
ensures compatibility for customers who want to install 
the latest Windows OS.’ It’s also important to find and 
right-click them in the list of (pending) updates and 
choose ‘Hide’, or they will simply be re-installed again. 
A registry tweak downloadable from AskVG.com at 
http://preview.tinyurl.com/pwpu4km was also needed, 
which 1 can confirm worked safely. Having deleted 
these patches and rebooted, the Windows 10 icon has 
gone from the Windows 8.1 PC, hopefully for good. 

Constant updates and downloads will become a 
regular feature for PC owners, with programs (like 
websites) being treated more like ‘apps’ integrated 
into an awful GUI, and end-users can expect more 
compatibility problems to arise as a matter of course. 
We could even reach the point where the challenge 
of running a standalone PC finally becomes too 
unrewarding for our purposes, with much of the 
power migrated onto the cloud and our PC becoming 
more like a dumb terminal, Chromebook-style. Expect 
a lot of disingenuous double-speak as the IT industry 
strives to change our way of working: it will want to 
‘help us make a better informed choice’ or ‘assist us in 
understanding the latest developments’ or ‘prepare our 
systems in readiness for system updates’. 1 made those 
up, but you know the kind of thing that’s probably 
coming our way. 

That’s all for this month’s Net Work. 1 can be emailed 
at alan@epemag.demon.co.uk or comments for possible 
inclusion in Readout can be mailed to editorial® 
wimborne.co.uk 
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Technology 


PC OSCILLOSCOPES 

PicoScope News 


PicoScope 6.11 is now released 
UPGRADE NOW 

www.picotech.com/ downloads 


PicoScope Good News 


GREAT NEW FEATURES INCLUDING: 

• 1 6 serial protocols supported as standard: 
Automotive: CAN, FlexRay, LIN, SENT 

Avionics: ARINC 429 

Computer: Ethernet lOBase-T, 100Base-TX, PS/2, 
UART (RS-232, RS-422, RS-485), USB (FS, HS) 
Embedded systems: 1-Wire, I2C, I2S, SPI 
Lighting: DMX512 Hobby: DCC 

• Touchscreen functionality 

• Mathematical waveform processing tools 

• Frequency and duty-cycle v time plotting 

* Advanced waveform mathematics now includes 
user-configurable filters: High Pass, Low Pass, 
Band Pass and Band Stop 



PicoScope Best News 


ALL FOR FREE 

Users of all PicoScope versions old and new can 
upgrade to the latest software for free, for the life 
of their product. You can also download the full 
software to try it for yourself in demo mode. 


www.picotech.com/PS458 
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Getting it to work 
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N O DOUBT many newcomers to 
electronic project construction are 
reluctant to ‘take the plunge’ with 
their first project due to apprehensions 
about the finished unit failing to work. 
This is not a worry for those with years of 
experience at project building. They have 
the necessary test gear to sort out most 
problems, and the technical knowledge 
needed to exploit this equipment. 
A complete beginner lacks both test 
equipment and technical skills, and, on the 
face of it, will have little chance of finding 
and curing problems in a troublesome 
project. 

In reality, the situation is much less dire 
than this provided the project chosen for 
the first attempt is something sensible. 
While it is enticing to choose a complex 
project to impress your friends and family, 
to do so is tempting fate. The larger and 
more complex the design, the greater the 
chance a novice has of making a mistake 
during construction. Also, the greater the 
complexity of the circuit, the harder it 
will be to locate and rectify any errors. 
Something very simple and straightforward 
is a much better choice for a first attempt 
at electronic project building. 

Safety first 

There are safety issues to consider when 
selecting your first project. A device that 
is battery powered, or is perhaps mains 
powered via a battery eliminator (eg, the 
common kind of small power supply 
contained in a plug), should be reasonably 
safe. Mistakes could cause damage to 
components in the device, but they are 
unlikely to be a danger to human life. A 
circuit powered from something like a car 
battery needs to approached with more 
caution than one powered by a humble 
PP3, due to the massive currents that can 
be delivered by a huge battery such as a car 
type. Although, the low voltages involved 
mean there is no risk of a severe electric 
shock, there is a danger of short circuits 
causing such high current flows that wires 
melt and insulation burns. 

Projects where the constructor builds 
the power supply that are powered direct 
from the mains supply, or connect direct 
to the mains for some other reason are 
a different matter. The mains supply 
is potentially lethal, as is any project 
that connects directly to the mains 
supply. Even if a project is very simple, 
if it connects to the mains supply it is 
potentially dangerous and is certainly not 
suitable for a beginner. Steer clear of any 
projects that connect directly to the mains 
until you have obtained a fair amount of 
experience at project construction. 

Printing errors in project articles are 
relatively rare these days, and if an 
error does occur, it is almost certain to 
be quickly corrected in a subsequent 
issue of the magazine, or be flagged up 


on an associated website or chat room 
even sooner. Totally dud or substandard 
components were once a slight problem, 
but modern components are vigorously 
tested and it is highly unlikely that you will 
be sold any that are faulty. The handling 
of static-sensitive semiconductors was 
covered in January’s article, and it will not 
be discussed again here. Provided you take 
a few simple precautions there should be 
no problems with ‘zapped’ components. 

Therefore, provided you buy the right 
parts and assemble a project properly, it 
is more or less guaranteed to work first 
time. Obtaining the right components is 
admittedly a bit more difficult than was 
once the case, with a truly massive range 
of components currently in use. Carefully 
compare the values and other parameters in 
the components list with the descriptions 
in component catalogues. Comparing 
photographs of the circuit board with the 
illustrations of components in catalogues 
can sometimes clarify matters, and prevent 
the wrong item from being ordered. Once 
you have the components, there is a vast 
amount of information available on the 
Internet that can quickly sort out problems 
with things like resistor colour codes and 
cryptic component value markings. 

Hole truth 

At one time, there were various methods of 
construction used for electronic projects, 
but these days the only two methods in 
common use are custom and proprietary 
printed circuit boards (PCBs). A custom 
PCB is the more foolproof option. As its 
name implies, a custom PCB is specifically 
designed to suit a particular circuit, and 
it has just one hole per leadout wire or 
pin. This minimises the risk of making a 
mistake, and any errors that should occur 
are likely to be found before too long. If it 
is not spotted earlier, a mistake will come 
to light when you try to fit a component in 
place and find that one or more of its holes 
in the board are already occupied! 

The most popular form of proprietary 
PCB for electronic projects is stripboard, 
also widely known as ‘veroboard’. This is 
a multi-purpose circuit board that has a 
regular matrix of holes, and rows of copper 
strips on one side. With most circuits only 
a small proportion of the holes are actually 
used. This makes it relatively easy to make 
mistakes, and also makes it more difficult 
to locate any errors. It can take a lot of very 
careful checking in order to find just one 
very slight error. A custom printed circuit 
board is the easier option when building 
your first project. 

In general, the sooner a mistake is spotted, 
the easier it will be to correct matters. It 
pays to take a prudent approach and check 
everything as you build the project. Before 
soldering a component in place, check that 
it is the right one and that it is in the correct 
position on the board. Where appropriate. 
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Fig.1. A desoldering tool of some kind is essential when 
building circuit boards. This one has a spring-loaded piston 
and it is designed to suck molten solder from the joint 

make sure that it is fitted the right way around. Once it is 
soldered in place, check the joints for any obvious signs 
of problems, and redo any dubious-looking joints. In order 
to properly check and correct a finished unit it might be 
necessary to partially dismantle it. It will almost certainly be 
necessary to do a certain amount of dismantling in order to 
get access to both sides of the circuit board. Spotting mistakes 
early can save a lot of time and effort later, and reduces the 
risk of any components being damaged. 

Big turn off 

What do you do if, having assembled a project with 
due diligence, it still fails to work? When any project is 
clearly failing to work properly, whether or not it is newly 
constructed, it is not a good idea to leave it switched on. 
Doing so will not result in any damage in most instances, but 
it best not to try it and see. Things like semiconductors and 
electrolytic capacitors connected the wrong way around can 
cause high currents to flow and subsequent damage. Err on 
the side of caution, and always switch off non-functioning 
projects immediately. Then recheck the component layout, 
the wiring and look for poor soldered connections. 

Hot stuff 

With the exception of semi-conductors, modern components 
are not easily damaged by overheating. Even so, each 
soldered connection must be completed fairly rapidly if 
damage is to be avoided. Overheated components usually 
show some obvious signs of damage, such as a darkening 
or other change in colour. In an extreme case, a component 
might even become slightly misshapen. Any components 
that do not look quite right should be replaced. Integrated 
circuits are mostly mounted on the circuit board via holders, 
thus avoiding any problems with overheating. Transistors 
and diodes are often connected directly to the board, and 
extra care should be taken when soldering them in place. 

Caught short 

If everything seems to be correctly in position on the board, 
and the wiring is all present and correct, the most like source 


of the problem is accidental short-circuits between copper 
tracks on the underside of the circuit board. The intricacies of 
modern printed circuit boards, together with the cramming 
together of many components, make it quite likely that 
unwanted connections will be produced by small amounts 
of excess solder. This should be less problematic if the board 
is coated with a solder resist that is designed to discourage 
solder bridges, but accidental short circuits could still occur. 

Many solder bridges are fairly obvious and will be spotted 
while the board is being constructed. In most cases they are 
easily wiped away using the bit of the soldering iron. When 
there are large amounts of excess solder it is better to use 
a desoldering tool to remove as much solder as possible, 
and then redo any joints that have been desoldered. An 
inexpensive desoldering pump (Eig.l) provides a quick and 
easy way of removing the excess solder, while minimising 
the risk of damaging the circuit board or components. 

A more awkward version of the problem is caused by 
minute trails of solder that are often difficult or impossible 
to see with the naked eye. These are sometimes hidden 
by a covering of excess flux from the solder. Excess flux 
tends to get spattered across the underside of circuit boards 
during construction, and there can be substantial amounts 
of it on areas of the board where there are a large number 
of soldered joints. There are various flux removal products 
available, but some firm brushing with a small brush such 
as an old toothbrush should to do the job well enough. 

Even if you have good eyesight, relying on it to spot tiny 
solder bridges is probably a mistake. Using a magnifier of 
some kind greatly reduces the chances of really thin solder 
trails being missed, and should be considered an essential 
constituent of a toolkit for electronic project construction. 
A small magnifying glass will do the job quite well, but an 
8x or lOx loupe (Eig.2) is better. Inexpensive loupes such 
as those sold as photographic accessories or for inspecting 
jewellery are perfectly adequate for this application. 
Provided a board has been properly cleaned, a careful 
visual inspection using a magnifier should expose any 
solder bridges. It is good practise to clean and visually 



Fig. 2. Some sort of magnifier is essential when looking for tiny 
solder bridges between copper tracks. Loupes, such as these 
8x and 1 0x types are better than something less powerful; for 
example an ordinary magnifying glass 
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Fig. 3. From left to right: 1) corrosion on the lead has resulted in solder flowing 
everywhere but the right place; 2) perhaps slightly too little solder, but a good joint; 
3) dubious joint with too much solder that has not flowed properly and does not have 
a really smooth and shiny surface; 4) the leadout wire is not protruding far enough 
through the board, producing what is likely to be a weak and unreliable joint 


inspect every completed circuit board 
before it is installed in the case. 

Modern components and solders 
greatly reduce the risk of producing 
bad soldered joints. Even so, if you 
use you first project to practise and 
perfect your soldering skills, it is quite 
likely that there will be problems. 
Learn to solder using a piece of 
stripboard, some cheap components 
such as resistors, and some pieces 
of wire, before starting your first 
project. It is a case of ‘practice makes 
perfect’, and time spent learning to 
solder proficiently can save a great 
deal of wasted time, effort, and money 
later on. There is not sufficient space 
available here for a soldering tutorial, 
but a good one by Net Work columnist 
Alan Winstanley is available at the EPE 
website at: http://tinyurl.com/jvdocek. 
Soldering irons and soldering kits are 
sometimes supplied with detailed and 
very helpful instruction leaflets. 

Old for new 

Probably the most common cause 
of so-called ‘dry’ joints is old solder 
being used for a new joint. This occurs 
when the soldering iron is left unused 
for a few minutes before a new batch 
of connections is started. There will 
usually be a significant amount of 
solder left on the bit, but the flux cores 
will soon burn away, and the solder 
will start to oxidise. This will not 
matter if the bit is cleaned before some 
fresh joints are produced. Soldering 
iron stands often have built-in 
sponges. These should be made wet, 
and they can then be used to wipe old 
solder from the tip of the bit. However, 


if you produce joints without cleaning 
the end of the bit first, the first joint 
might contain a significant proportion 
of old and oxidised solder. This might 
not flow over the joint properly, giving 
a poor electrical connection. It is also 
likely to lack strength. 

The only certain way of finding 
so-called ‘dry’ joints is to check each 
one using a continuity tester, or the 
continuity function of a multimeter. 
Unfortunately, fully testing even 
a relatively simple circuit board 
can take quite a long time. Large 
amounts of excess flux are sometimes 
indicative of a bad joint, and any areas 
where this problem was noted should 
be carefully inspected once the board 
has been cleaned. ‘Dry’ joints are often 
more or less spherical in shape, rather 
than having the usual mountain- 
like shape. Also, with dubious joints 
the solder tends to have a less shiny 
appearance than normal, and in 
an extreme case there will be some 
crazing of the surface. 

Be suspicious of any joints that are 
lopsided with either a lack of solder 
on one side, or far more than normal. 
Either way, the solder has not flowed 
over the two surfaces correctly, and 
it might not be providing a proper 
connection. If the joint is flatter than 
usual, with no sign of the leadout wire 
or pin, it is likely that the component 
has not been fully pushed down onto 
the board, and no connection has been 
made. Eirmly pulling the component 
away from the board will probably lift 
the offending pin or lead clear of its 
hole. A few good, bad and indifferent 
solder joints are shown in Eig.3. 



Fig.4. Modern digital multimeters (DMM) 
can usually measure more than resistance, 
current, and voltage. This one has facilities 
for testing transistors and diodes, a 
continuity tester, and capacitance ranges 

It a good idea to desolder and redo 
any joint that is in any way out of the 
ordinary. Problems with corrosion on 
component leads are rare with modern 
components, and the flux in electrical 
solders is very good at dealing with 
contaminants. However, it is still a 
good idea to look at both surfaces for 
any signs of contamination, and if 
necessary, clean one or both surfaces 
before redoing the joint. Any corrosion 
or other contamination can be removed 
from the surfaces by gently scraping 
them with the small blade of a penknife. 

Even if you do not have a great deal 
of technical knowledge, a cheap digital 
multimeter (DMM) is more than a 
little useful when things go wrong. It 
can be used for simple tests such as 
continuity checking, making sure that 
the battery voltage is adequate, and 
that power is actually reaching the 
circuit board. Any multimeter should 
enable switches, plugs/sockets, and 
resistors to be checked. Many also have 
facilities for testing transistors, diodes, 
and capacitors (Eig.4). A multimeter 
is a piece of equipment that should be 
obtained sooner rather than later. 

Fresh pair of eyes 

If you cannot find anything amiss, try 
putting the unit to one side for a couple 
of days and then take another look at 
the problem. Sometimes an error that 
has been consistently overlooked is 
spotted straight away when you try 
again a few days later. Ideally, you 
should get someone else to check the 
unit against the diagrams. A fresh pair 
of eyes might spot something that you 
have overlooked. 


' V 

Check out our website: 

www.epemag.com 
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The PIR motion sensor 


I MAGINE the sceaarm. you're com- 
ing home from work, it's late hi [he 
evening and very dark; you can 
barely see your nose in front of your 
face. You slmggle to get your key in 
the door and suddenly the light turns 
on. Your motion activated it as you ap- 
proached the door — isn't technology 
wonderful?! 

month, we talked aboul 
beginning the New Year with a fresh 
start and getting on board with version 
control, repositories and bug tracking. 
This month we're going to take a look 
at motion sensors. These sensors 
allow^ us to detect whether a human 
or an animal has passed in front of 
the sensor and allow us to perform 
some action based on this function: 
for examploj turn on a light or set off 
an alarm. TheyVe used oil around us* 
and many of us have at least one in 
our homo as part of the alarm systom. 
They seem simple enough, hut as 
we're about to find out* they can be 
complicalfid and thers is .some very 
interesting technology behind how 
they operate* 

Passive Infrared 

Passive infrarod sensors [or PIR 
sensors! are 'passive" because they 
do not generate or radiate any energy 
in order to detect changes in the 
infrared spectrum. These devices use 
tw'D infrared sensors, positioned side 
by side and calibrated to each other, 
which detect the energy given off by 
surrounding objects. The livo sensors 
then subtract the different infrared 
levels measured and output a signal 
based on this. Take the example 
of someone walking in fronl of the 
sensor pair. One side will measure the 
ambient background level of radiated 


energy and the other side will mca.sure 
a changing level caused by the person. 
Once the person has passed* both sides 
of the sensor will lie balanced again. 

What is infrared? 

Infrared is an invisible radiating enei'gy 
that operates in the electromagnetic 
sptxrtrmn at frequencies between 
300GHz and 430TUz (or a wavelength 
of 1mm to 700nm). It is used in 
industrial* scientific and medical 
tmvironments. It has been deployed 
in night vision dovices to give the 
user vision without OJuininaling the 
area: in astronomy to gain insight into 
dusty regions of the cosmos; thermal 
imaging of overheating in electrical 
or electronic systems; and ohsorving 
biood flow in the skin. 

The best thing aboul infrared is that 
almost all of the thermal radiation 
emittori by any object, near room 
lomperale, omits this energy In tlie 
infrared spectrum. This means I hat 
everything in the room emits its ovm 
thermal radiation. These emissions 
are fairly static, but a moving object 
that emits Its own heal signature 
passing in fronl of these other objects 
would cause a change in the emitted 
radiation that is captured by the 
JR sensor. 11 is this change that our 
motion sensor captures and allow^s us 
to detect movement. 

The pyroelectric effect 

Taking a deeper look inside the physics 
of infrared sensors^ they contain a set 
of circuits made from pyroelectric 
materials. These materials generate 
a vollago depending on the change 
in lempBralLire lhal IJiey sense. 
The change in temperature causes 
excitation of the atoms within the 


0|]tiaal liter 



Hailing 


Ftg.2, Basic PiR circuit diagram 

material's crystal structure* which 
in turn causes polarisaUon of the 
material — this induces a voltage across 
the crystal. If the temperature stays at 
I his new tevel* then the voltage will 
gradually disappear (through current 
leakage and other effects)* So, if a 
person moving in front of the sensor 
slops moving then the temperaltire 
change and induced voltage will 
decay- However, if the temperature 
keeps changing, the voltage will 
coni iiuj ally he applies! (for example, 
conslanf movemeni In front of the 
sensor). When the sensor is exposed 
to an infrared radiation change* the 
induced voltage results in a surface 
charge. As this radiation crhauge.s* 
so does tho charge. A FET is used to 
buffer this potential. To convert the 
FET currtmt to a vollage* an external 
resistor is added (roughly IfJOkQ) as 
seen in Figure 2. 

Various materials are used in PIR 
sensors; for example, gallium nitride 
[GaNJ, caesium nitrate (CsNO^)* 
poly vi nvyl fluorides, derivatives 
of phenylpyridlne, and cobalt 
phihalocyanine* Lithium tantalate 
[LiTaOj is a cry'stal that exhibits 
bolh piea;oelectric ami pyroelectric 
properties, Lithium tantalate has 
proven useful for various applications 
including terahertz generation and 
deleclion. cell phones and even 
pyroelectric nutdear fusion. 

Lenses 

The sensors themselves have very 
limited range, typically only a few 
centimetres. However, the addilion 
of a iens* can increase this up to 30 
meters. The specific lens type used 
for PIR motion sensors are know-n as 
Tresiiel lenses' [see Fig, lb}. These 
lenses are 'plano-convex* (one side of 
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the lens is flat, the other side is convex, 
see Fig. la) that have been collapsed in 
on themselves, while still maintaining 
their optical characteristics. The FL65 
Fresnel lens is one such lens that is 
ideal for use in PIR motion sensors. 
It is 1.5-in square, has a focal length 
of 0.65-in and has a 10-degree field 
of view. This specific lens comprises 
an infrared transmitting material with 
an IR transmission range of 8 to 14pm 
(micrometre), making it the most 
sensitive to human body radiation, 
which is roughly 10pm in wavelength. 
Fig.lc shows the infrared radiation 
as it hits the Fresnel lens and how it 
is focused onto the PIR sensor with 
respect to its focal length. 

You may well have seen Fresnel 
lenses as a plastic, ribbed sheets used 
for cheap, but flexible magnifying 
lenses. They are also commonly used 
in lighthouses and can be as big as 
3700mm in diameter, such as in the 
Makapuu Point Light in Hawaii, 
which uses over a thousand prisms to 
form its lenses (see: http://tinyurl.com/ 
nssgShg). Their big advantage is they 
can focus light without using huge 
volumes and masses of glass. 

Which PIR motion sensors to use? 

There’s quite a number of PIR motion 
sensors on the market available from 
Adafruit, Sparkfun, Farnell and eBay. 
Each of these have their own unique 
advantages and disadvantages. 
This is where it can become a bit 
of a minefield, as 1 found out when 
researching this article. Learning 
more about the technology and 
understanding exactly what we want 
is of course beneficial. We need 
something that allows us to detect 
motion up to a couple of metres 
away, and also we want some sort 
of signal that a microcontroller like 
our P1C18F can easily discern as an 
‘event’. Once we detect this event, 
we can make a decision on what 
the next course of action is - for 
example, sound an alarm, turn on a 
light or open/lock a door. 

Analogue versus digital Sensors 

Starting off with the most basic motion 
sensor, we have the analogue dual- 
element sensor. Some examples are 
the LHi 968 from Excelitas Tech, the 
1RA-E710ST0 from Murata and the 
RE200B. These are the fundamental 
parts of the PIR sensor itself. They each 
have two elements, which monitor the 
incoming IR radiation. If a difference 
is detected between the two sensors, 
then the EET is turned on and an 
output signal is seen. The sensors are 
constructed from pyroelectric sensor 
elements connected to the gate of a 
EET. When a difference in IR radiation 
is seen across the two sensor elements, 
a voltage is produced and the EET is 
turned on, producing our signal on the 
output (see Eig.2). 

Just to be clear, by ‘analogue’ 
sensors, 1 mean the hare-bones 



Fig. 3. Analogue versus digital output 


pyroelectric sensor with no extra 
circuitry. The main difference 
between analogue and their close 
relation the ‘digital’ sensor is the type 
of output signal. Analogue sensors 
output a nominal voltage during 
normal operation and will change 
this voltage by a certain amount 
based on the detected IR difference in 
the sensor. This difference in voltage 
is usually quite low, in the range 
of 10-15mV peak to peak. The top 
oscilloscope capture in Eig.3 shows 
the signal we’re dealing with here. It 
is possible to connect these straight 
up to a PIC and use an ADC pin to 
measure the nominal, at-rest voltage 
value. Then, anything outside this 
normal range can be a triggered event. 
Unfortunately, the output can be 
quite noisy and discerning between 
noise and a valid response can be 
difficult and inaccurate. Our ADCs 
are usually only 10 bits, giving us a 
resolution of 3.2mV (3.3V divided 
by 1024 bits), using a supply voltage 
of 3.3V. This gives us about 5 bits of 
difference, which really isn’t much 
to work with. This can be used as a 
simple circuit, but it is very sensitive 



Fig.4. The EKMC1601113 digital output 
PIR sensor from Panasonic Electric Works 


and can trigger on even the slightest 
temperature change in a room. While 
this is a valid solution, 1 would like 
to improve on this, which means we 
will need to add more circuitry to 
clean up and amplify this signal. 

With a digital sensor, we are given 
a clean digital output that is high 
when motion has been detected and 
low when it is at rest. This is exactly 
what we want. The EKMC1601113 
from Panasonic Electric Works 
is one such digital signal output 
motion sensor (see Eig.4). It is a fully 
integrated PIR motion sensor, which 
contains our Eresnel lens, giving us 
up to 5m of detection range, as well 
as containing all of our embedded 
amplifiers and comparators to give us 
a beautiful digital output, seen in the 
bottom oscilloscope capture in Eig.3 
(this sensor is also lead free as it is 
constructed with lithium tantalate, 
mentioned above). Most of the digital 
sensors come in at around £7, while 
the analogue sensors can cost as low 
as £1.69. 

In Eig.5, we have a basic 
comparison of the Analogue LH1968 
and the Digital EKMC1601113. 
There is only an external lOOkQ 
resistor on the LH1968 circuit and 
the output from this can be seen in 
the top oscilloscope trace in Eig.3. 
The output from the EKMC1601113 
contains no external circuitry and can 
be seen in the bottom oscilloscope 
trace in Eig.3. The package sizes are 
very close in size, but the difference 
in functionality is huge, from a range 
of a few centimetres to 5m in the 
integrated sensor and an easy-to-see 
output, the digital sensor is clearly a 
winner. 

Wrapping it all up 

We’ve had a look at just a small number 
of the motion sensors available to us 
and how they operate. As we compare 
analogue versus digital output sensors, 
we might wonder why choose one over 
the other. The digital output sensor 
seems like the obvious choice. It is 
more expensive because it contains 
all the necessary system components 
(Eresnel lens, amplification, buffer and 
comparator circuits), but it’s drawback 
lies in the fact we cannot customise 
it. Each one is specifically designed 
for one purpose. However, Sparkfun 
offer a bulkier version, which allows 
the user to tune the sensitivity of the 
sensor and the delay time between 
triggered events. 

There is something to be said for 
building your own circuit and tuning 
it yourself using one of the analogue 
motion sensors described above, plus 
it is a lot more fun! Eor a quick design 
guide to get you started, check out 
the GLOLABS website (www.glolab. 
com/index.html). You can find a few 
interesting projects to help you build 
your own pyroelectric circuits and go 
beyond to building direction sensing 
motion detectors as well. 
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Next month 

Now we’ve covered some basic 
motion detection, how about some 
very small motion detection using 
an accelerometer and some haptic 
feedback. Next month, we’re going to 
take a look at how three-axis motion 
detection in an accelerometer works, 
what we can do with it and how we 
can recognise a gesture in a handheld 
circuit and in turn drive a haptic 
response. And of course we will start 
to look at connecting these devices to 
a PIC. 


Fig. 5. Analogue and digital motion sen- 
sor circuits. 


Not all of Mike’s technology tinkering and discussion makes it to print. You can foiiow the rest 
of it on Twitter at ©MikePOKeeffe, up on EPE Chat Zone as mikepokeeffe and from 
his biog at mikepokeeffe.blogspotcom 
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Voltage references 


C ircuit surgery is usually based on items posted 
in the EPE Chat Zone, but from time to time we also 
cover topics suggested by the editor, which is what we are 
doing this month, with the subject of voltage references. 
These are circuits which produce a constant output voltage 
irrespective of just about everything - time, temperature, 
and supply voltage being the key variables of interest. Of 
these, temperature is of particular importance because the 
fundamental behaviour of semiconductors is very sensitive 
to temperature, so it is relatively difficult to achieve 
constant voltage with varying temperature. This month, we 
will look at some of the basic concepts relating to voltage 
references, particularly in the context of making high 
quality measurements. We will also look at key datasheet 
parameters. Next month, we will look at voltage reference 
circuits in more detail. 

On first thoughts, a voltage reference may not seem very 
exciting (it just sits there outputting a fixed voltage), but 
they are of critical importance in many systems, particular 
instrumentation and measurement, signal generation and 
power supplies. Voltage references also provide interesting 
circuit design challenges in their own right, particularly if 
high performance is demanded. This is usually the domain 
of integrated circuits designers, because building precision 
homebrew reference circuits from scratch is generally 
not worthwhile due to the availability of good low-cost 
reference ICs. However, a good understanding of the 
principles of voltages references will help circuit designers 
choose the right references, some of the design issues may 
occur in other contexts and it is simply an interesting 
case study if you like circuit design. Beyond the innards 
of ICs, using the highest performance voltage references in 
a circuit is demanding in its own right - the performance 
of the best references can easily be undermined by poor 
design of surrounding circuitry and boards. 

Measurement 

To further emphasise the importance of voltage references, 
consider that a digital voltmeter can only measure voltage 
if it ‘knows’ what a volt is. This is achieved using a voltage 
reference to determine (typically) the full-scale (maximum) 
input voltage of the analogue-to-digital converter (ADC) in 
the meter. Thus, the better the voltage reference, the better 
the quality of measurement that can be obtained (of course 
other parts of the design have to be of sufficient quality too). 
Voltage references are also key elements of regulated power 
supplies. Both linear and switching regulators use voltage 
references as part of a feedback control system which tries 
to keep the output equal to the reference (or a scaled version 
of it). 

If a measurement is made in comparison to a reference 
voltage then the measurement quality is totally dependent 
on the reference quality (here we mean the total reference 
subsystem, not necessarily just a reference 1C). On the other 
hand, some measurement systems do not depend so strongly 
on a voltage reference - for example, resistive bridge-based 
sensors can make use of ratiometric techniques, where 
the excitation voltage and ADC reference are the same (or 
directly related) which greatly reduces the dependence of 
the measured value on the reference. 



Examples 

Fig.l to 3 show a few examples of circuits requiring a voltage 
reference. Fig.l shows the structure of a digital-to-analogue 
converter (DAC) based on a switched-resistor network. The 
digital value held in the register controls switches (in the 
network) which determine the proportion of the reference 
voltage that appears at the output, buffered by the amplifier. 
The reference voltage sets the full-scale output voltage, so 
the accuracy and precision of the DAC is dependent on the 
quality of the reference. 

Fig. 2 shows a simplified structure of a voltage regulator. 
The output voltage is compared to the reference voltage 
using an error amplifier, which drives a control circuit 
setting the output, forming a feedback loop. The output 
control may be linear or switched mode. Just like the DAC, 
the accuracy and precision of the regulator’s output voltage 
depends on the quality of the reference. 



Fig. 3 shows typical connections between a voltage 
reference and an ADC. Two versions are shown to illustrate 
the two basic types of voltage reference - two-terminal, or 
shunt references, and three-terminal or series references. 
ADCs have a variety of internal structures. Some compare the 
input to the voltage reference fairly directly (flash and charge 
redistribution converters), others contain a DAC whose 
output is compared with the input voltage - the reference 
then acts via the DAC. Again, in all cases the ADC accuracy 
and precision depend on the quality of the reference. 

Converter references 

When using DAC and ADC ICs you may not have to provide 
a reference voltage because the device has one built in. 
Furthermore, many converter ICs allow a choice of external 
or internal references, often under software control. The 
AD5663R 16-bit DAC from Analog Devices (www.analog. 
com) is a typical example. The AD5623R has a good on- 
chip reference, which is off at power-up and which can be 
switched on by writing to a control register (via the chip’s 
SPl-compatible serial command interface). 
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Fig.3. (a) ADC using two-ternninal reference, (b) ADC using three-ternninai reference 


When switched on, the AD5623R’s 
internal reference voltage is available 
via the device s ^refin^^refout pin 
and can be buffered and used in the 
external circuit. The device is available 
in variants with different internal 
reference voltages. The AD5663R-3 has 
a 1.25V reference and the AD5663R-5 
uses 2.5 V. In both cases the full-scale 
output is twice the reference voltage. 
An external reference can be used if 
better performance is required than 
that provided by the on-chip reference, 
or if different full-scale voltages are 
required. The external reference is 
connected to the dual purpose 

^REFOUT Pi^* 

The voltage reference(s) for a data 
converter may also be the power 
supply (s). The power supplies in many 
electronic systems are well regulated 
and fixed, and can therefore be used 
as a voltage reference, particularly in 
applications which are low cost and/ 
or do not require very high conversion 
accuracy and precision. However, it is 
unlikely that the power supply will 
achieve the voltage reference quality 
of a good dedicated reference device. 
Furthermore, the power supply may 
also not provide a convenient reference 
voltage, depending on the application. 

Fig. 4 illustrates an example of a 
supply-based reference in the case of 
a PIC microcontroller’s internal ADC. 
The ADC has two references for the 
upper and lower full-scale voltages, 
which, independently in each case. 



Fig.4. Part of the ADC circuitry of a 
PIC microcontroller showing reference 
voltage selection 

(Based on PIC32MX5XX/6XX/7XX 32- 
bit Microcontroller Family Data Sheet, 

www.microchip.com) 


may be either the relevant supply 
(AVqq for the positive reference and 
AVgg for the negative reference) or an 
external reference voltage. This is set 
up by writing to the relevant device 
configuration register (VCFG in Fig.4). 
PlCs do not all have exactly the same 
configuration for their ADCs, so you 
need check the datasheets and family 
reference manuals for devices that 
might interest you. PlCs often have on- 
chip voltages references, which could 
be used as the ‘external’ reference. 

Forms 

Returning to the two forms of reference 
shown in Fig.3, the simplest form of 
two-terminal reference is a Zener diode 
(reverse biased into the breakdown 
region), or even a standard diode 
forward biased to give around 0.7V (see 
Fig.5). More sophisticated two-terminal 
regulators contain on-chip circuitry 
to compensate for the inadequacies 
of these individual devices. Three- 
terminal references are similar to linear 
regulators (not switching, because 
that produces too much noise) but 
are designed to produce an accurate 
and precise output rather than deliver 
significant amounts of power. We will 
discuss reference circuits in more 
detail next month. 

Accuracy and precision 

We have used the terms ‘accuracy’ and 
‘precision’ a few times so far. These 
are important and, crucially, different 
concepts in measurement science; 
however, this not always understood 



Fig.5. Simple voltage references using 
(a) a Zener diode reverse biased into 
breakdown, (b) a forward-biased diode 


because in everyday usage their 
meanings may overlap. Accuracy and 
precision relate directly to important 
characteristics of voltage references, 
so it will help to define them before 
looking at key datasheet parameters for 
these devices. As already indicated, 
many electronic measurement 
and signal generation instruments 
depend on voltage references for 
their accuracy and precision because 
voltage references are critical to the 
effectiveness of ADCs and DACs. 

In measurement, the term ‘accuracy’ 
(at least traditionally - we’ll come 
back to this) is about how close the 
measured value is to the true value 
of the quantity being measured. 
Typically, this is defined statistically, 
that is a large number of measurements 
are made of the same true value, 
and then ‘accuracy’ is defined as the 
difference between the true value and 
the average measured value. Thus, 
accuracy represents the size of any 
systematic error in the measurement. 
The term ‘precision’ is again defined 
in terms of multiple measurements 
and depends on the closeness of 
measurements to each other when 
measuring the same true value. Thus, 
‘precision’ is related to random errors 
in the measurement process and 
statistically to the standard deviation 
of the measurement data. 

Fig. 6 shows the classic way of 
illustrating the difference between 
accuracy (defined as above) and 
precision (although this approach is 
not liked by everyone). This uses a 
target in which the bullseye represents 
the true value being measured and the 
points where shots have hit represent 
the measured values. In the best case 
(both accurate and precise) the hits 



Accurate and precise Accurate and imprecise Inaccurate and precise Inccurate and imprecise 


Fig.6. Classic illustration of the definition of accuracy (trueness) and precision using 
target grouping. The ‘hit’ locations indicate the measured values and the bullseye is 
the true value of the quantity being measured. The term ‘accuracy’ may be replaced 
by ‘trueness’ 
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are all clustered close to the bullseye. 
Precise, but inaccurate measurements 
are closely clustered, but away from 
the bullseye. Accurate but imprecise 
measurements are evenly, but more 
widely spaced around the bullseye. 

Fig. 7 shows a different illustration 
of the four cases in Fig. 6. Here, the 
many measurements are plotted as a 
histogram (number of measurements 
showing a particular value plotted 
against the range of values measured). 
We assume that the number of 
measurements approaches infinity, so 
that the histogram becomes a smooth 
curve called a ‘probability density 
function’. The graphs have the well- 
known ‘bell curve’ shape, also known as 
the ‘normal’ or ‘Gaussian’ distribution. 
The peak of the curve is the average 
(mean) value of the measurements 
and so its distance from the true value 
is the accuracy of the measurement. 
The spread of the curve indicates the 
precision; a narrow peak shows that all 
the measurements are close to the same 
value - a precise measurement. 

Trueness 

The issue of interpreting words such 
as ‘accuracy’ and ‘precision’ becomes 
more complex if you are trying to 
be as consistent as possible across 
multiple languages. A document from 
the International Organization for 
Standardization (ISO 5725, 1994) says 
that the term ‘trueness’ should be used 
instead of accuracy, as defined above. 
This is also adopted by the International 
Bureau of Weights and Measures (BIPM 
from the French Bureau International 


des Poids et Mesures) in their 
International Vocabulary of Metrology 
(VIM, initials again from the French 
version). According to ISO 5725 and 
VIM, the term ‘accuracy’ should be used 
in relation to the closeness of a single 
measurement to the true value (not the 
mean, as defined above). The problem 
with this is that it is not universally 
adopted. If you are interested in the 
complexities of grappling with these 
terms and how best to explain them, 
have a look at the ‘talk’ tab (not the 
main article) of the Wikipedia page 
on ‘Accuracy and precision’ - https:// 
en.wikipedia.org/wiki/Accuracy_and_ 
precision 

Parameters 

Key datasheet parameters for voltage 
regulators are: the output voltage, 
the tolerance or initial accuracy, the 
temperature coefficient, the output 
noise and the operating current. 
There are also parameters relating 
to operating conditions/loading - 
output resistance, capacitances, load 
regulation (for three-terminal devices). 

Voltage reference output voltages 
tend to be in ‘round’ numbers and 
common supply values (1.8, 2, 2.5, 
3, 3.3, 5...) and powers of two for 
use with ADCs and DACs (1.024, 
2.048, 4.096...). Operating current is 
obviously important in low-power 
applications, but another factor to 
consider is that the lowest noise 
references tend to require much higher 
operating currents. 

Initial accuracy or tolerance is 
about how close the reference voltage 


is likely to be to a specified value at 
a given fixed temperature (typically 
25°C). The term ‘tolerance’ makes 
sense because it relates to the ability of 
the manufacturing process to deliver 
devices at the specified value. Initial 
accuracy, or tolerance, is usually 
expressed as an absolute voltage or 
a percentage of the specified voltage. 
Typical accuracy values for voltage 
reference ICs range from about 0.05% 
to 2%. Initial accuracy may seem to 
be very important; for example, when 
designing a high accuracy digital 
volt meter, but it is not necessarily 
the most important parameter if 
calibration is a possibility. In designs 
where high quality calibration is 
impossible, or inconvenient, or too 
expensive, initial accuracy of the 
reference may be more important. 

An uncalibrated measurement 
system, which depends on a voltage 
reference will have an accuracy 
(traditional meaning, or VIM trueness) 
which depends on the reference’s 
initial accuracy or tolerance. 
However, calibration removes much 
of this systematic error. The crucial 
parameters for a voltage reference once 
a system is calibrated are first, the level 
of instantaneous random variation 
in the reference value, which will 
directly affect the system’s precision 
(as defined above); this is dependent 
on the amount of noise output from the 
reference. Second, how constant the 
voltage reference stays with changes in 
environment (particularly temperature) 
and with the passage of time. This will 
determine how well the system holds 
on to its calibrated accuracy. 

Effects of temperature 

As we indicated at the start, 
voltage reference variation with 
temperature is particularly important 
in high performance measurement 
applications. This is specified as the 
temperature coefficient (often shortened 
to ‘tempco’) in units of ppm/°C (parts 
per million per degree Celsius). Typical 
values for most reference ICs range 
from about 2 ppm/°C to 50 ppm/°C, but 
better performance is available from a 
few devices (which of course tend to 
cost more). 

Care should be taken to check the 
range of temperatures over which 
tempco is specified and the linearity or 
otherwise of variation with temperature. 
A specification in terms of ppm/C 
may seem to indicate that the voltage 
linearly varies with this slope over the 
operating range, with the maximum and 
minimum voltages occurring at either 
end of the temperature range. However, 
this is often not the case, particularly 
for references will low tempcos. These 
often have very nonlinear variations 
of output voltage across the operating 
temperature range, with one or more 
peaks in the curve (so the variation 
of voltage with temperature is both 
positive and negative at different 
points). 






Fig. 7. Statistical view of accuracy (trueness) and precision. A large number of 
measurements are made and the histogram or probability density function of the 
data is plotted. Accuracy and precision improve as the indicator distances labelled 
on the graphs decrease 
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Voltage reference tempcos are often 
specified by finding the difference 
between the maximum and minimum 
voltages wherever these 

occur in the temperature range, and 
dividing by the temperature range 
- T^n) to give a ppm/°C figure. 
This approach is called the ‘box 
method’. One problem with this is that 
it may overestimate voltage variation 
for a device operated over a smaller 
range than that for which the tempco 
was calculated. 

Another temperature-related 

characteristic is thermal hysteresis. 
This is the shift in output voltage 
(usually in ppm) due to taking the 
device through a change in temperature 
(often well below and above ambient) 
and bringing back to the original 
temperature (possibly over a number 
of such cycles). Ideally, the output 


will be the same once the original 
temperature is restored, but this is not 
the case due to the effect of stresses 
on the chip caused by the heating and 
cooling. This kind of thermal cycling 
occurs during soldering and may 
potentially degrade initial accuracy. 

Noise and drift 

Noise occurs on the output of voltages 
references, just as it does for all 
electronic circuits. It is specified in 
pV/VHz (microvolts per root Hertz) 
over a stated bandwidth. We discussed 
noise in detail in Circuit Surgery a. few 
months ago, so refer to that for more 
details on how it is defined [EPE, 
August-September 2015). Usually, a 
voltage reference’s noise is specified 
over two bandwidths, low (0.1 to 
lOHz) and high (lOHz to lOkHz). The 
high frequency noise is relatively 


easy to deal with using a capacitor 
at the reference output (see Fig. 3), 
although some systems may use more 
sophisticated filters. Low frequency 
noise is more of a problem because it 
is harder or less practical to remove. 
Noise from the reference will cause 
random errors in ADC and DAC 
outputs, reducing system precision. 

In terms of the passage of time, 
the performance of references is 
described by its ‘long-term stability’ 
in units of ppm/A^h (parts per 
million per root kilo hours, where 
a kilo hour is 1000 hours, which is 
about six weeks). Long-term drift in 
voltage regulators tends to reduce, in 
a logarithmic manner, as time goes 
on, which is reflected in the use of the 
A/kh units. However, some devices are 
specified in terms of ppm/kh (parts 
per million per kilo hours). 
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Speaking volumes - Part 4 


Active volume control 

Last month, I showed how headroom 
and noise were in conflict in pre-amps 
using passive volume controls. Do we 
put the maximum fixed gain required 
before or after the passive volume con- 
trol? An active volume control circuit 
solves this dilemma. Only the gain 
needed is used by arranging the volume 
pot to vary the actual amplification. 
The simplest way of doing this is to 
use an op amp with a log pot in place 



of the feedback resistor in an inverting 
circuit, illustrated in Fig.l. It provides 
all the advantages of an active control, 
but its gain is dependent on the absolute 
value of the track resistance (unlike a 
passive potentiometer] so the gain could 
be 20% out between the channels at 
maximum gain. 


This does give the nice smooth char- 
acteristic down to zero of a traditional 
log pot, but only works well in stereo 
with accurate parts, such as expensive 
Panasonic pots. Since this is an op amp 
inverting stage, the maximum gain can 
be simply reduced by increasing the 
input resistor. Although the circuit is 
inverting, the phase can normally be 
flipped back at some other point in most 
systems, such as with a Baxandall tone 



Fig.l. Simple active volume control. A log Fig.3. In the Stan Curtis design for the Cambridge P60 integrated amplifier, the volume con- 

pot used as the feedback resistor in an in- trol used a linear pot. This was possibly the first use of an active log-law synthesising volume 

verting op amp circuit. control in production. 


control, which is also inverting. The 
non-inverting op amp configuration 
is not suitable, since its gain cannot 
go down to zero (minimum gain = 1]. 

This inverting amplifier technique 
was used in Douglas Selfs April 1979 
Wireless World design shown in Fig. 2. 
This was a unique discrete design, 
which was very cost effective when 
5534 op amps cost £5 each. Selfs 
design used a bootstrapped cascode 
for lower distortion. (A similar gain 
block was used in the 1976 Radford 
ZD22 pre-amp running at 60V.] 1 used 
to build the Self circuit with tantalum 
capacitors since their low leakage 
currents minimised the pot scratching 
if the circuit had not been used for a 
while. The high distortion of tantalum 
capacitors did not appear since there 
was inadvertent capacitor distortion 
cancellation because the capacitors 
were in the feedback loop. 

The transconductance of TRl was 
boosted by a resistor supplying extra 

Fig. 2. A discrete version of Fig.l from Douglas Selfs pre-amp in Wireless World (April 1979). current. This allowed the TR2 to be run 

Only the input capacitor needs be a low distortion type. I used to put two 6.8pF tantalums ^1 ^ lower current, permitting a higher 

in reverse parallel. total collector load resistance, further 










Fig.4. The P60 circuit in ‘op amp’ form, illustrating how a log ac- 
tion on the linear volume pot is generated by the track sections 
on the clockwise and counter-clockwise sides of the wiper; both 
increasing the gain together as the knob is rotated. 


increasing the gain. This circuit dodge 
was described in TK Hemingway’s 
Circuit Designer’s Handbook (2nd ed, 
p229). This is an excellent reference 
on discrete design - well worth seek- 
ing out. 

One failing of some active gain control 
circuits is that a hit of dust on the track 
lifting the wiper can result in the gain 
going very high, resulting in unpleas- 
ant noise. The Self pre-amp in its old 
age and the circuit in the Cambridge 
P60 amp (see Fig. 3) suffered from this, 
exacerbated by unsuitable Omeg pots. 
A separate DC feedback path must be 
provided around the amplifier if the 
pot is AC coupled (which is necessary 
to avoid DC through the pot causing 
rotational noise). If this isn’t done the 
op amp will hit the rails and may even 
rip out expensive speaker cones. 

Steve Dove’s series, ‘Designing a 
Professional Mixing Console’, in Stu- 
dio Sound magazine in 1980, had a 
serious look at gain controls and pots 
in feedback loops - see: www.col- 
linsaudio.com/Prosound_Workshop/ 
Steve_Dove_Console_Design.pdf 

Douglas Self’s book. Small Signal 
Audio Design, published in 2010, then 
took it to the current state of the art of 
analogue audio. 

Active volume controls also provide 
many solutions to the problem of ob- 
taining accurate log pots and allowing 




Fig. 6. Graph of a potentiometer ‘W-law’ of- 
ten used in ‘swinging input’ equaliser boost/ 
cut controls. 


Fig.5. ‘Swinging-input’ volume control circuit. Like the circuit in 
Fig.4, this circuit again uses both sides of the track. One provides 
attenuation on the input, the other provides gain on a non-invert- 
ing stage, to give a log law. 
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of many dual/stereo pots. Most of the 
resistors can be the same value, apart 
from the low volume end of the pot ro- 
tion where they are smaller in value to 
deal with the ears’ increased sensitivity 
at low volumes. The stepped attenuator 
is shown in Fig. 7. 

The Quad 34 Volume control 

A unique system was used in the Quad 
34 pre-amp (Fig. 8 top) using a specially 
made Alps thick-film laser- trimmed 21 
position stepped attenuator, shown in 
Fig. 8 (bottom). 1 spent ages measuring 
the values because they weren’t on the 
net, not even on Keith Snook’s excel- 
lent site, www.keith-snook.info. The 
circuit is shown in Fig. 9 and varies 
the input and feedback resistances of 
an inverting op amp simultaneously. 
This system worked very well since 
each gain step was optimised. (Note 
that the input needs to be attenuated 
for CD sources.) Unfortunately, the 
pre-amp suffered from the use of CMOS 
4016/ 66 bi-lateral switches, which have 
one of the worst reliability records for 
audio semiconductors! 


Fig. 8 (top) The Quad 34 pre-amp, a classic late-70s design - note the stepped controls; (bot- 
tom] Quad 34 pre-amp internals - note the special Alps ‘Black Velvet’ controls. 


the much more common linear type 
to be used. 

Two-Stage gain control 

One way of converting a linear pot 
to give a log action is to split it into 
‘two resistor halves’ at the wiper, one 
providing attenuation, the other con- 
trolling feedback, or using both halves 
in feedback loops (see Fig. 4). There 
are a multitude of variations of this 
theme. Steve Dove popularised this in 
his microphone pre-amp by combining 
a non- inverting op amp circuit with an 
inverting one. This technique has the 
problem of not going to zero gain be- 
cause of the non-inverting stage on the 
front. This is not a problem for mic gain 
controls and drive pots on Fuzz boxes, 
but is unacceptable for a pre-amp. 

Redrawing the P60 volume control 
shows how there are two inverting ‘op 
amp’ circuits in series. The first half of 
the pot track is the feedback resistor of 
the first stage and the second half of the 
pot is the input resistor of the second 
stage, shown in Fig. 4. 

Swinging input circuit 

This approach uses a mixture of atten- 
uation on the input (which allows it to 
go to zero) and active gain on a non- in- 
verting op amp circuit (Fig. 5). This 
provides a very desirable combination 
of headroom and gain, which makes 
it difficult to cause overload at low 
volumes. It gives a gain/rotation curve 


that has an increased effect tending to 
jump at both ends. It is called swinging 
because it can be 
used to give a sym- 
metrical boost/cut 
of say ±15dB with a 
suitable wiper resis- 
tor. When used as a 
volume control, the 
wiper is directly con- 
nected to ground to 
give full attenuation 
to zero. The circuit 
does make initial 
rotation errors appar- 
ent on the pot, which 
makes it undesirable 
for stereo. It is very 
popular as a boost/ 
cut control in equal- 
isers however. Here 
a special ‘W-law’ pot 
is often used with a 
centre detent, which 
flattens off the curve 
at both extremes of 
rotation, as shown 
in Fig.6. 

Stepped active 
volume controls 

For stereo, a stepped 
resistor ladder 
swinging input 
works very well, 
avoiding the initial 
mistracking problem 


Baxandall volume control 

The Baxandall active volume control 
is one of the most successful circuits 
because it is insensitive to the absolute 



Fig.9. The Quad 34 active volume control - in the op amp circuit, 
the ‘pot’ is a stepped attenuator with unique resistor values. 
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Fig.lO. The standard Baxandall active volume circuit, as used in the Hi-Fi Stereo Headphone 
Amplifier (EFE, October 2014). The absolute value of the track does not affect the gain, only the 
ratio of the two halves. The input impedance drops to one tenth of the pot value at max volume. 



Fig.ll. Gain vs rotation curve of the Baxan- 
dall volume circuit taken from a Texas In- 
struments application note. The curve of the 
variant circuit is almost the same. 


track resistance value. Its gain is only dependent on the 
potentiometric ratio, like a normal passive volume con- 
trol. The logging action is also quite good. It is not used 
very often because it appears complex and increases the 
amplifier count, which is a shame because op-amps are 
much cheaper than precision log pots. The circuit is fully 
discussed in BaxandalTs article ‘Audio Gain Controls’ in 
Wireless World, October and November 1980. For those who 
don’t have access to Wireless Worldhack issues, which are 
an essential resource for audio designers, there’s a site called 
americanradiohistory.com which hosts almost all of them. 

The standard version of his circuit is given in Fig.lO which 
was used in the Hi-Fi Stereo Headphone Amplifier in EPE 
October 2014. It has also reappeared in an application sheet 
from Texas Instruments www.ti.eom/lit/ug/tidu034/tidu034. 
pdf giving some useful plots (Fig.ll) and a PCB design. 
The standard Baxandall has the disadvantage of an input 
impedance that is one tenth the pot value at maximum 
volume. This means an extra buffer is needed on the input 
end of the pot to prevent excessive loading of the source. 

An obscure variant of the standard Baxandall volume 
control circuit outlined in the original article (p81 Fig. 25) 
was the inspiration for my design, which I will explain next 
month. This had a floating input, which was a problem 
unless an input transformer was used. Later, Baxandall 
rearranged the circuit to avoid this, as shown in Fig. 12 
(from The Audio Engineer’s Reference Book, Focal 1994). 
I found this circuit had a higher input impedance (9kQ) 
with the same performance, thus saving an op-amp. 

Next month we’ll add some active volume enhancements 
and use Fig.l2’s Baxandall circuit topology in a unique 
high-voltage discrete pre-amp. 
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Fig.l2. A variant of the Baxandall volume circuit - it has a higher 
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minimum volume. This characteristic remains the same whatever 
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Jacob’s ladder components 

Dear editor 

I read the Jacob’s Ladder article [EPE, April 2014) and 
the ‘all-time best-ever’ coil is the so-called ‘wasted spark’ 
coil from a points-era motorcycle. This type of coil has 
two heavily insulated HT leads that come from opposite 
ends of the same secondary, the ratio is higher because 
the spark has to jump 2 x 0.025-inch gaps in series. These 
coils were used on twin cylinder machines with 360- 
crankshafts (but not ones with 180- cranks - those had 
two coils). There are two such coils on a four-cylinder 
engine, and three on a six-cylinder one. 

1 hope Tm not encouraging any delinquency, as 
most current motorcycles have electronic ignition that 
dumps a higher voltage onto the HT coil primary - 
these coils are far less suitable and may not even work 
in such a project. There are various breakers yards 
dotted around the country that will, no doubt, have 
some stock of points-era wasted spark coils, and as 
summer approaches there will be various motorcycle 
festivals and rallies with auto-jumble stalls. As far as 
1 know, there weren’t any wasted spark car coils, but 
the 80s era potted coils with closed-loop laminations 
may well work, but with only one HT lead - far less 
convenient for a Jacob’s ladder. 

For an ‘ignition module’ - a 555 only needs a high 
voltage MOSFET to do the job very nicely. Some time 
ago 1 developed a MOSFET TAG (transistor-assisted 
contact) for a small points-era motorcycle. My main 
source of suitable MOSEETs was the flyback SMPS in 
scrap CRT PC monitors; one particular 19-inch model 
had a very versatile 9A 900V device in the PSU, a rare 
beast - but 600V types are very easy to get hold of (and 
just about adequate). MOSEETS are easy to parallel, so 
the more usual 6 A rating isn’t a severe hardship. The 
motorcycle coils 1 experimented with did not use a 


ballast resistor - they were wound with PTC wire, at 
room temperature they draw about 8A and slowly sink 
to about 4 A as they warm up. 

The 555 oscillator can be tuned for the fiercest 
continuous arc at a dip in the LT current - the arc can 
damage and/or set fire to things, so some care is required. 
My experiments on the way to developing a MOSEET 
TAG led in various directions. The final design fitted 
to the machine used the MOSEET in a grounded gate 
configuration - the gate was connected to +12V, the 
drain to the coil LT and the source to the points. This 
solved one big problem that plagued just about every 
previous prototype - the LT winding is still ultimately 
in series with the points, so there is ‘wetting current’ to 
break through oxide and tarnish on the points, but the 
back EME stops at the MOSEET drain, so no arcing and 
pitting on the points. Points ‘wetting’ had been a huge 
problem, as the puny generator on this small machine 
simply wasn’t up to supplying a separate source of 
wetting current. The grounded gate configuration is the 
fastest way to switch a MOSEET (or a bipolar transistor 
for that matter) so the ignition pulses were very fast and 
clean. Even with the points capacitor to limit dV/dt 
while the points get far enough apart, there is some arc 
wasting energy, but the MOSEET TAG almost entirely 
eliminated that. 

Ian Field, by email 

Matt Pulzer replies: 

Top tips - many thanks Ian. The Jacob’s Ladder project 
generated a affair amount of interest, so I think it is 
safe to say EPE readers enjoyed making their own 
spectacular electronic ozone machines! But please, if 
anyone out there wishes to experiment then do be safe, 
and if you are not sure what you are doing then seek 
out the advice of a seasoned builder before proceeding. 


Dongle-based Internet connection and web mail 

Dear editor 

Some areas either don’t have broadband or it’s slow. As you 
know, a compromise (and again it’s area-dependent) is a 
third generation (3G) cellular network connection through 
a ‘Dongle’ that plugs into a USB port. 

I’ve gone over to the ‘Three’ network, (finally, at last!) 
graduating from dial-up. No need for installing fixed 
wiring, modems, routers, anything mains powered. Also - 
of great importance to me - nothing to interfere with the HE 
amateur radio bands. 

The capital equipment price was of the order of £20 and 
after that 1 pay £7.50 (inc VAT) each month by direct debit, 
no fixed-term contract so 1 can cancel at any time. This 
buys IGB of total data traffic; more monthly capacity would 
be available at a higher price. With a consistent 42.2Mb/s 
throughput this is adequate for my present needs. These 
dongles are suitable for portable use, though I’ve got it on 
my fixed desk-top computer. (It works on XP.) 

Everyday Practical Electronics, March 2016 


Now to getting rid of unwanted e-mail. This is the job of 
‘Mailwasher’, and 1 still have the free version. You do need 
a mail service where the POP3 (incoming to you) and SMTP 
(outgoing from you) addresses are known. Unfortunately, BT 
Internet no longer accepts the anonymous bounce messages, 
so they have only themselves to blame for perpetuating the 
spam nuisance. Also, why use web mail? All the complaints 1 
hear about email address books being hacked into are a direct 
result of leaving this information on the provider’s server. 
When 1 say I’m still on a mail client (Outlook Express) the 
first reaction is that people laugh. When 1 point out that my 
address book is in my machine (including separate security 
back-up copies) and none of it is on BT’s server, that leaves 
them in a more thoughtful mood. The other advantage is that 
you don’t get force-fed adverts every time you read the mail! 
Again, POP3/SMTP details are essential. 

Perhaps you should start a campaign in your column: 
boost email security - ban web mail! 

Godfrey Manning G4GLM, Edgware 
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EPE Online Editor Alan Winstanley replies: 

Thank you for your comments Godfrey - some routers have 
a USB port that allows a 3G dongle to be connected [as 
shown in Net Work, EPE, May 2015 p.44). However, I can 
only dream of getting 3 Gas it is not available in my locality. 
A dongle is still a useful backup for individual machines 
especially when a BT phone line is down. For occasional 
use they can prove an expensive option though. 

Quite a few users, myself included, cannot get used to the 
idea of hosting email out there on the web, and I like to have 
a POP3 account, my email folder and attachments firmly 
under control on my hard disk. Outlook Express does what 
it does, but has long been susceptible to address book attacks 
by spammers. However, I can’t talk as I persist with Eudora 7, 
now long obsolete and unsupported, but it’s robust, lightning 
fast with many handy features, and runs very well on Windows 
7. Some issues are creeping in with HTML email and SSL mail 
connections, but I intend to run it until it breaks for good, in 
which case finding a modern software replacement will be 
extremely difficult. In Net Work April 2015 I outlined a few 
software and cloud-based choices for email packages. 

Theremin success 



Matt Pulzer replies: 

Great to see your perseverance rewarded and 
congratulations on your excellent cabinet making - we 
always enjoy seeing completed projects and strongly 
encourage all readers to let us see their results with photos 
or links to YouTube videos. 


Dear editor 

I thought you might be interested to see the attached pictures 
of my finished Theremin project based on the articles in EPE. 

I had some problems following the scheme completely, 
largely related to the availability of some of the specified 
components on the UK market. You may recall we had some 
previous correspondence and 1 followed up with some 
discussion with Jake Rothman who helped me find some 
good solutions. The only availability problem 1 struggled to 
solve was the main enclosure. The UK market offered a case 
that was either just too small or a lot too big, so 1 resolved 
to use a wooden case from a digital radio with good results. 

This also meant, unfortunately, that the template for 
the top cover would not fit to size and although 1 could 
stretch it using artwork software, the results gave a strange 
appearance so 1 decided to make my own. 

The end result of the project from my point of view is 
quite pleasing and the kids will soon have their first sight... 
should be amusing! 


Stuart Reeve, by email 




Thank you’ from Malaysia 

Dear editor 

1 have enjoyed EPE for a long time - going back as far as 
1965, when it was called Practical Electronic. 

In those days of vacuum tubes, parts were difficult to 
come by. There was another electronic magazine fighting 
for my attention, but it was written in Chinese since it came 
from Hong Kong. This magazine normally carried one or 
two valve amplifiers and although 1 cannot read Chinese 
the amplifier diagrams were well illustrated. 

My bedroom shelves are filled with electronic magazines 
and 1 have constructed a number of interesting EPE projects. 
1 have even had help from Alan Winstanley for my school 
project in the mid-1990s when he wrote Gircuit Surgery. (He 
said he had to get help from the professors at the University 
of Hull). I’d like to thank him again - 1 still read his great 
Net Work articles. 

1 am reaching my 70th birthday and would like to 
continue reading EPE, but unfortunately inflation and 
the weakening of the Malaysian Ringgit has caught up 
with my small pension. So, I’m sorry to say I have to stop 
my subscription - however, I will subscribe to the online 
version. 

Einally a big ‘thank you’ to the entire EPE team that works 
hard to produce one of the best electronic magazines. 

Tanabalan, by email 


Matt Pulzer replies: 

Thank you very much for your loyalty to EPE. We are a 
small team, and it really means a great deal to us to hear 
from readers across the globe who enjoy EPE and appreciate 
the effort that goes into its publication. We hope you get as 
much satisfaction from reading online as you do from the 
printed version. 

12-digit Frequency Counter 

Dear editor 

I have purchased the two PCBs for the 12-digit Frequency 
Gounter and after spending quite a while locating all the 
parts I have built it. However, there is a problem with the 
tracks for the ADCH-80. On the PCB the designer has used 
pins 3 and 6, but the REC only has connections to pins 2 
and 5, so I had to link them out to get it to work. 

The A input works fine, but the B input will just 
not work. I have fed a signal into the input and used a 
spectrum analyser to see the signal coming out of the 
prescaler section from IC4 into Ql, but it wiU just not 
display a frequency. 

Are you aware of any other errors on the PCB before I 
have to tear the whole thing apart and start again. 
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Nicholas Vinen replies: 

It sounds like you may have the ADCH-80+ instead of the 
ADCH-80A+ specified in the parts list. It has a different 
pinout, but is otherwise identical. This can be worked 
around by simply bridging the pins [2/3 and 5/6). This 
has happened to a number of people because if you 
search the Mini-Circuits website for ADCH-80A+ it’s the 
ADCH-80+ which comes up first - very annoying! 

As far as I know, the PCB is correct - something like 
100 have been built using the same design and we’ve had 
virtually n o com plain ts . 

I’m assuming that you’re switching to Channel B using 
the front panel and the associated LED is lighting up. 
When Channel B is selected, pin 9 ofICl3 should go high 
and pin 5 should go low. This changes which signal is 
being fed to ICl2b. After ICl2b, the counter circuitry is 
common for both channels, so assuming the signals from 
IC4’s outputs are correct, that just leaves the differential- 
to-single-ended circuit using Q1/Q2 and IC13 as being 
the possible sources of problems. 

I would use a frequency counter which can count up 
to a few MHz (many DMMs are suitable) to check the 
signal at pin 8 of ICl 3 when channel B is selected. It 
should be 1/lOOOth the frequency of what’s being fed 
into the channel B input. If that’s no good, look for the 
signal at pin 9 of ICl 3. If it’s there then there’s a problem 
with the control logic, if not then I’m suspicious of 
Q1/Q2. Check that these are the right type, installed 
correctly and possibly try replacing them as one may 
be faulty. 

Ideally, it would be nice to use a scope to check that 
the differential signals from pins 6 and 7 of IC4 are in 
anti-phase and of the correct amplitude and frequency; 
however, obviously not everybody has a scope and can 
do this check. If the signal from Ql ’s collector is still no 
good after checking/replacing Ql and Q2 then there’s 
something wrong with the channel B divider chain, but 
it’s hard to say where exactly without a scope. Lacking 
one, I would just have a very good look at all the SMD 
components, especially their orientations and soldering. 

PE CHAMP still going strong! 

Dear editor 

I recently came across editions of EPE from 2014 in 
which Alan Winstanley looked back on 50 years of your 
magazine. This took me back to the 1970s when 1 first 
became interested in electronics and became a regular 


subscriber to Practical Electronics [PE] and Everyday 
Electronics [EE). 1 moved to South Africa in 1980 and am 
retired here now, but wanted to let you know that 1 still have 
a working PE CHAMP that 1 built in 1978! 1 only made the 
processor board, but learnt 4040 machine code from your 
articles and wrote several program for this machine. Every 
now and again 1 carefully take it from its storage box and 
Fm always surprised when the Sinclair display lights up 
and lets me know it’s still alive. 

A family and work life got in the way of my hobby for 
many years, but now that 1 am retired 1 am getting back 
into electronic projects, and now potter away in my garage 
with the soldering iron. 1 have nearly all the copies of 
both PE and EE from 1975 to 1980, and they still provide 
me with enjoyable projects to build. In fact, 1 am now 
using the Teach-In articles of EE to get my grand-children 
interested. 

1 hope your magazines carry on for a long time to come, 
and thank you for the pleasure they have given me. 

Tom Smales, Ramsgate, KZN, South Africa 

Matt Pulzer replies: 

Alan’s retrospective was very popular and we are 
delighted you enjoyed reading it. Good luck enthusing the 
grandchildren - 1 hope the current series of Arduino-based 
Teach-In will appeal to them. 

Looking for a 6V CDI 

Dear editor 

1 read with interest you recent High-Energy Multi-Spark 
CDI for Performance Cars project. 1 would like to build a 
GDI (capacitor discharge ignition) to run an Ariel Arrow 
two-stroke twin-cylinder motor bike engine. Unfortunately, 
it only produces 6V DC, so 1 wondered if there is any mod 
you could suggest to run the project on this voltage. 

Stuart Williams, by email 

Matt Pulzer replies: 

Only one of our CDI designs is suitable for a 6V supply - 
the Replacement GDI for Small Petrol Motors may suit your 
bike if there is a high voltage generator included on the bike 
itself, faycar offers a kit: 

WWW. jaycar. com. au/p/KC5466 
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Max’s ©@©0 
Beans 

By Max The Magnificent 


Cunning coding tips and tricks 

As you may recall, I’m using NeoPixel rings 
(tri-coloured LEDs) in a lot of my current projects. 
For example, I’m using a 16-element ring to illumi- 
nate the antique vacuum tube mounted on top of 
my Vetinari Clock, as shown in this video: http://bit. 
Iy/195JKWR 

Often, 1 want to have a pixel racing round and round 
the ring, which involves turning a new pixel on and 
turning the previous pixel off, and then repeating the 
process for each subsequent pixel. A small problem 
occurs at the beginning of each cycle (or the end, de- 
pending on your point of view). One solution is to 
include an additional test in the control loop (two 
tests if you want to rotate the pixel both clockwise 
and anticlockwise), but 1 consider this to be a little 
messy. An alternative trick is to use a bitwise & (Bool- 
ean AND) operation, which removes the need for any 
tests. All of this was discussed in my previous col- 
umn on this topic - see EPE, January 2016. 

However, there is a slight ‘gotcha’ to using the bit- 
wise & approach; it only works when you are playing 
with rings that have 2^n elements; eg, 2^2 = 4, 2^3 
= 8, and 2^4 = 16. But what can we do if our rings 
don’t contain 2^n elements? Take my Capriciously 
Cunning Chronograph project, for example (Fig.l). 

In this case, we have 60 elements in the outermost 
ring, 24 elements in the center ring, and 12 elements 
in the inner ring, which means that none on these 
little scamps boasts 2^n elements. This is a bit of a 
poser, but fortunately there is a solution... 

Cross-reference arrays to the rescue 

For the purposes of these discussions, and for the 
sake of simplicity, let’s assume we’re dealing with 
rings containing only five elements as illustrated in 
Fig. 2. 

Let’s also assume we wish to have one pixel chas- 
ing itself round and round the ring in a clockwise 
direction, what we would ideally like to do would 
be to call the following snippet of code over and 
over again: 



for (i = 0 ; i < 5 ; i++) { 

ring.setPixelCo lor ( 1 , 255 , 0 , 0 ) ; 
ring .set Pixel Co lor ( ( 1 - 1 ) , 0 , 0 , 0 ) ; 
ring . show ( ) ; 
delay (100) ; 

} 

Remember that when we instantiate our NeoPixels 
and call them ring and specify five elements, this 
creates an array called ring [ ] containing five ele- 
ments numbered 0 to 4, where each element com- 
prises three 8-bit fields to hold the R, G, and B colour 
values. So, the idea here is that we are lighting up 
pixel 1 (where 2 55 , 0 , 0 means the red sub-pixel 
is fully on and the green and blue sub-pixels are off) 
and we turn off pixel 1 - 1 . As we know, the above 


Fig.l. There are three electronic boards. Front left, Arduino 
Mega with my own custom audio spectrum analyser shield 
on top. Large breadboard at the back, ChronoDot Real- 
Time Clock (ETC) - this is going to be joined by a tempera- 
ture/pressure sensor and a 9DOF (nine degrees of freedom 
3-axis gyroscope, 3-axis accelerometer, 3-€ixis magnetome- 
ter) sensor -all of these will be mounted on a single custom 
shield. Small breadboard front right, the Simblee module 
described in last month’s Hot Beans column. This allows me 
to control the clock via Bluetooth using my iPad - this is go- 
ing to be mounted on a prototyping shield. So, in total we’ll 
have an Arduino Mega plus three Shields, plus a power 
supply, plus other stuff - all of which will be mounted in 
the cabinet 
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code won’t actually work as we wish because we’re go- 
ing to mu into problems when i = 0. In this non-2^n 
element case, we know that our bitwise & solution won’t 
work (draw out the table of i vs i - 1 values like we 
did in the previous article if you aren’t sure why). We 
could always return to using a special test for the i = 
0 case, but we don’t like doing that because it’s ‘messy.’ 
The solution 1 prefer is to use a cross reference array as 
follows: 

byte xRef[6] = { 4 , 0 , 1 , 2 , 3 , 4 } ; 

for (i = 1; i < 6; i++) { 

ring . set Pixel Co lor (xRef [i],255,0,0); 
ring . set Pixel Co lor (xRef [i-1], 0,0,0) ; 
ring . show ( ) ; 
delay (100) ; 

} 


(Do note in the above, if something is in red 1 am draw- 
ing attention to it - it represents a change from previous 
code.) Observe that we’ve added an extra value at the 
beginning of this array (4); also that we’ve replaced (i 
= 0; i < 5; 1++) in our for loop with (i = 1; i < 
6; 1++) ; also that we’ve replaced direct references to 
i with calls to our xRef (cross-reference) table. 

The point is that we no longer have a problem with 
the initial case, because when we are lighting up ele- 
ment i = 1 (which is cross-referenced to element 0 in 
our NeoPixel ring), we are turning off element 1 - 1 
= 0 (which is cross-referenced to element 4 in our 
NeoPixel ring). 

But what happens if we also wish to have the ability 
to make our pixel chase itself round and round the ring 
in an anticlockwise direction? Well, in this case, we can 
add an extra element onto the end of the array as illus- 
trated in the following code snippet: 

byte xRef[7] = { 4 , 0 , 1 , 2 , 3 , 4 , 0 } ; 

for (i = 5; i >= 0; i — ) { 

ring. set Pixel Co lor (xRef [i], 255, 0,0); 
ring . set Pixel Co lor (xRef [i+1], 0,0,0); 
ring . show ( ) ; 
delay (100) ; 

} 

A sticky situation 

There’s another reason 1 like using cross-reference ar- 
rays, because they often get me out of a sticky situa- 
tion. Let’s suppose that we create some gadget or gizmo 
and we insert a 5-element NeoPixel ring oriented as 
illustrated in Fig. 2, with element 0 presented on top. 
Now suppose that we have to replace our ring for some 
reason - maybe we zap it with an electrostatic dis- 
charge or something. 

Suppose that, for one reason or another, we mistakenly 
orient our new ring as illustrated in Fig. 3 (the green ele- 
ment numbers indicate what we want/expect; the red 
numbers reflect what we’ve actually got). Actually, this 
sort of thing happens more often than you might expect. 
Sometimes your new ring is one element off, or it may 
be that the elements are actually numbered in the re- 
verse order to what you expected. It’s even worse if you 
superglue the little scamp in before you check things 
out (...don’t ask!). 

Now, if all we are doing is having one pixel race round 
and round the ring, then such a miss-orientation really 
doesn’t matter. All that will happen is that the pixel will 
commence its rotation from a new starting point, but af- 
ter one revolution we will never notice the difference. 




Fig. 3. A miss-oriented ring 


On the other hand, suppose that we turn individual 
pixels on and off from multiple places in our code. For 
example, suppose we have a statement like this buried 
somewhere deep in our code: 

ring.setPixelCo lor (1,255,0,0) ; 

In this case, having to locate and update this, and simi- 
lar, statements could potentially be very time-consum- 
ing and error prone. 

However, if we originally had a cross-reference array 
that was geared up to our original ring’s orientation 
(Fig. 2.) like the following: 

byte xRef [7] = {4, 0,1, 2, 3,4,0} ; 

Then all we have to do is update this array’s contents to 
reflect our new ring’s orientation (Fig. 3.) and everything 
else in the program can remain as is: 


byte xRef [7] = {2, 3, 4, 0,1, 2,3}; 


But what if... 

The various approaches we’ve discussed thus far will 
handle a lot of simple usage models, but they start to 
fall down a bit when we want to implement more so- 
phisticated usage scenarios. What we need is a cunning 
plan; indeed, a plan so cunning we could pin a tail on 
it and call it a weasel. Happily, we have the very plan at 
our fingertips... as we will discuss in my next column. 
Until then, have a good one! 


Any comments or questions? - please feel free 
to send me an email at: max@CliveMaxfield.com 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


TINA Design Suite VI 0 

Analogue, Digital, Symbolic, RF, MCU and Mixed-Mode Circuit 
Simulation and PCS Design with TINA 

TINA Design Suite V10is a powerful yet affordable software package for analysing, designing 
and real time testing anaiogue, digitai, MCU, and mixed eiectronic circuits and their PCB 
iayouts. You can aiso anaiyse RF, communication, optoeiectronic circuits, test and debug 
microcontroiier appiications. 

Enter and anaiyse any circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist) 
version within minutes with TIN As easy-to-use schematic editor. Enhance your schematics 
by adding text and graphics. Choose components from the iarge iibrary containing more than 
10,000 manufacturer models. Anaiyse your circuit through more than 20 different anaiysis 
modes or with 10 high tech virtuai instruments. 

Present your resuits in TIN As sophisticated diagram windows, on virtuai instruments, or in 
the iive interactive mode where you can even edit your circuit during operation. 

Customise presentations using TINAs advanced drawing toois to controi text, fonts, axes, 
iine width, coiour and iayout. You can create and print documents directiy inside TINA or cut 
and paste your results into your favourite word procesing or DTP package. 

TINA includes the following Virtuai Instruments: Oscilloscope, Function Generator, 
Muitimeter, Signai Anaiyser/Bode Piotter, Network Anaiyser, Spectrum Anaiyser, Logic 
Anaiyser, Digitai Signai Generator, XY Recorder. 




This offer gives you a CD-ROM - the software wiii need registering (FREE) with Designsoft 
(TINA), details are given within the package. 

Get TINA Basic VI 0 (Hobbyist) for £129 or Student VI 0 version for £49 

Prices include VAT and UK postage 

+ get a 1 year free subscription for TiNACioud the breakthrough cioud version of TiNA which you can run on most 
operating systems and computers, inciuding PCs, Macs, thin ciients iPads and other tabiets - even on many smart 
phones, smart TVs and e-book readers. 

To order please either fill out and return the order form, or call us on 01202 880299 
Alternatively you can order via our secure online shop at: WWW.epemag.com 



ELECTRONICS TEACH- 
IN 2 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 

INTRODUCTION 

This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to 
using the C programing language for PIC microcontrollers 
is also included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip - the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 


Order code ETI2 CD-ROM 


ELECTRONICS TEACH- 
IN 3 


ELECTRONICS TEACH-IN 3 CD-ROM 

The three sections of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-In 3 are dedicated to Circuit Surgery, the regular EPE 
clinic dealing with readers’ queries on circuit design problems 
- from voltage regulation to using SPICE circuit simulation 
software. 

The second section - Practically Speaking - covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity f7f///m/tec/ circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction 
to electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version - 
plus a specially written TINA Tutorial). 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. 


Order code ETI3 CD-ROM 


ELECTRONICS TEACH- 
IN 4 


ELECTRONICS TEACH-IN 4 CD-ROM 

A Broad-Based Introduction to Electronics. 

The Teach-In 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools 
and colleges. These include, Edexcel BTEC level 2 awards 
and the electronics units of the new Diploma in Engineering, 
Level 2. 

The CD-ROM also contains the full Modern Electronics 
Manual, worth £29.95. The Manual contains over 800 pag- 
es of electronics theory, projects, data, assembly instruc- 
tions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM 


ELECTRONICS TEACH-IN BUNDLE - 
SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 



CD-ROMs 


Order code ETIBUNDLE 


Bundle Price £14.00 
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PICmicro TUTORIALS AND PROGRAMMING 

HARDWARE 

PICmicro Multiprogrammer Board 
and Development Board 

Suitable for use with the three software packages 
listed below 

This flexible PICmicro microcontroller programmer board and 
combination board allows students and professional engineers 
to learn how to program PICmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40 pin devices from the 12, 16 
and 18 series PICmicro ranges. For experienced programmers 
all programming software is included in the MLoader utility that 
is free to download when you buy the multiprogrammer board. 

For those who want to learn, choose one or all of the packages 
below to use with the hardware. 

• Makes it easier to develop PICmicro projects 

• Supports low cost Flash-programmable PICmicro devices 

• Fully featured integrated displays - 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

• Supports PICmicro microcontrollers with A/D converters 

• Fully protected expansion bus for project work 

• USB programmable 

• Compatible with the E-blocks range of accessories 


SOFTWARE 



£167 including VAT and postage, supplied with USB cable 
and free to download programming software 


ASSEMBLY FOR PICmicro 
V5 

(Formerly PICtutor) 

Assembly for PICmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PICmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC1 6F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PICmicro 
MCU as each instruction is executed, which 
enhances understanding. 

• Comprehensive instruction through 45 tutorial 
sections • Includes Vlab, a Virtual PICmicro 
microcontroller: a fully functioning simulator • 
Tests, exercises and projects covering a wide 
range of PICmicro MCU applications • Includes 
MPLAB assembler • Visual representation of a 
PICmicro showing architecture and functions • 
Expert system for code entry helps first time users 

• Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 

• Imports MPASM files. 



‘C’ FOR 16 Series PICmicro 
Version 5 

The C for PICmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PICmicro devices - including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PICmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

• Complete course in C as well as C 
programming for PICmicro microcontrollers • 
Highly interactive course • Virtual C PICmicro 
improves understanding • Includes a C compiler 
for a wide range of PICmicro devices • Includes 
full Integrated Development Environment • 
Includes MPLAB software • Compatible with most 
PICmicro programmers • Includes a compiler for 
all the PICmicro devices. 



— Mininnum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 


hard disk space. 
Flowcode will run on XP or later 
operating systems 


FLOWCODE FOR 
PICmicro V6 

Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you 
to design and simulate complex systems in a matter 
of minutes. A powerful language that uses macros 
to facilitate the control of devices like 7-segment 
displays, motor controllers and LCDs. The use 
of macros allows you to control these devices 
without getting bogged down in understanding the 
programming. When used in conjunction with the 
development board this provides a seamless solution 
that allows you to program chips in minutes. 

• Requires no programming experience 

• Allows complex PICmicro applications to be 
designed quickly 

• Uses international standard flow chart symbols 

• Full on-screen simulation allows debugging and 
speeds up the development process. 

• Facilitates learning via a full suite of 
demonstration tutorials 

• Produces ASM code for a range of 18, 28 and 
40-pin devices 

• 1 6-bit arithmetic strings and string manipulation 

• Pulse width modulation 

• I2C. 

Please note: Due to popular demand, Flowcode 
PICmicro, AVR, DSPIC, PIC24 & ARM V6 are now 
available as a download. Please include your email 
address and a username (of your choice) on your 
order. A unique download code will then be emailed 
to you. If you require the CDROM as a back-up then 
please add an extra £14 to the price. 



PRICES 

Prices for each of the CD-ROMs above are: 
(Order form on next page) 

(UK and EU customers add VAT to ‘plus VAT’ prices) 


Hobbyist/Student £58.80 inc VAT 

Professional (Schools/HE/FE/Industry) £150 plus VAT 

Professional 10 user (Network Licence) £499 plus VAT 

Site Licence £999 plus VAT 


Flowcode (choose PIC, AVR, ARM, dsPIC, PIC24) . . . £94.80 plus VAT 
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CIRCUIT WIZARD 

Circuit Wizard is a revolutionary software system that 
combines circuit design, PCB design, simulation and 
CAD/CAM manufacture in one complete package. 

Two versions are available. Standard or Professional. 

By integrating the entire design process, Circuit Wizard provides 
you with all the tools necessary to produce an electronics project 
from start to finish - even including on-screen testing of the PCB 
prior to construction! 

* Circuit diagram design with component iibrary (500 components 
Standard, 1500 components Profess ionai) * Virtuai instruments 
(4 Standard, 7 professionai) * On-screen animation * Interactive 
circuit diagram simulation * True analogue/digital simulation 

* Simulation of component destruction * PCB Layout * Interactive 
PCB layout simulation * Automatic PCB routing * Gerber export 

* Multi-level zoom (25% to 1000%) * Multiple undo and redo 

* Copy and paste to other software * Multiple document support 



This software can be used with the Jump Start and 
Teach’In 2011 series (and the Teach-In 4 book). 

Standard £61.25 inc. VAT. Professional £75 plus VAT. 



Suitable for any student who is serious about studying and 
who wants to achieve the best grade possible. Each program’s 
clear, patient and structured delivery will aid understanding of 
electronics and assist in developing a confident approach to 
answering GCSE questions. The CD-ROM will be invaluable to 
anyone studying electronics, not just GCSE students. 

* Contains comprehensive teaching materiai to cover 
the Nationai Curricuium syiiabus * Reguiar exercises 
reinforce the teaching points * Retains student interest 
with high quaiity animation and graphics * Stimuiates 
iearning through interactive exercises * Provides sampie 
examination ques-tions with modei soiutions * Authored 
by practising teachers * Covers aii UK examination board 
syiiabuses * Caters for aii ieveis of abiiity * Usefui for seif- 
tuition and revision 

SUBJECTS COVERED 

Electric Circuits - Logic Gates - Capacitors & Inductors - Relays 
- Transistors - Electric Transducers - Operational Amplifiers - 
Radio Circuits - Test Instruments 


Over 100 different sections under the above headings 



Please send me: CD-ROM ORDER FORM 


Version required: 

□ Assembly for PICmicro V5 □ Hobbyist/Student 

□ ‘C’ for 16 Series PICmicro V5 □ Professional 

□ Professional 10 user 

□ Site licence 

Note: The software on each version is the same, only the licence for use varies. 


□ Flowcode for PICmicro V6 (DOWNLOAD ONLY) 

□ Flowcode for AVR V6 (DOWNLOAD ONLY) 

□ Flowcode for ARM V6 (DOWNLOAD ONLY) 

□ Flowcode for dsPIC V6 (DOWNLOAD ONLY) 

□ Flowcode for PIC24 V6 (DOWNLOAD ONLY) 

Email: 

Username: 


□ PICmicro Multiprogrammer Board and Development Board V4 (hardware) 


□ Circuit Wizard - Standard 

□ Circuit Wizard - Professional 

□ GCSE Electronics 

nnpy l^ TINA Design Suite VI 0 Basic (Hobbyist) 
Q TINA Design Suite VI 0 (Student) 

Full name: 


Address: 

Post code: Tel. No: 


Signature: 

□ I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 

□ Please charge my Visa/Mastercard/Maestro: £ 


Valid From: Card expiry date: 

Card No: Maestro Issue No, 

Card Security Code (The last 3 digits on or just under the signature strip) 


□ Teach-in 2 

□ Teach-In 3 

□ Teach-In 4 

□ Teach-In Bundle 



Minimum system requirements for these CD- 
ROMs: Pentium PC, CD-ROM drive, 32MB 
RAM, 10MB hard disk space. Windows 2000/ 
ME/XP, mouse, sound card, web browser. 


ORDERING 

ALL PRICES INCLUDE UK 
POSTAGE 


Standard/Student/Basic (Hobbyist) 
Version price inciudes postage to most 
countries in the worid 
EU residents outside the UK add £5 for 
airmaii postage per order 


Professionai, Muitipie User and Site 
License Versions - overseas readers add 
£5 to the basic price of each order for airmail 
postage (do not add VAT unless you live in an 
EU (European Union) country, then add VAT 
at 20% or provide your official VAT registration 
number). 

Send your order to: 

Direct Book Service 
Wimborne Publishing Ltd 
113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU 

To order by phone ring 

01202 880299. Fax: 01202 843233 

Goods are normally sent within seven days 

E-mail: orders(g)wimborne.co.uk 
Online shop: 

www.epemag.com 
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STORE YOUR BACK ISSUES ON CD.^ROMi 

Order on-line from 



www.epemag.com (go to the UK store) 
or by phone, fax, email or post 


V0L1: BACK ISSUES- January 1999 to June 1999 


Plus some bonus material from Nov and Dec 1 998 


VOL 2 
VOL 3 
VOL 4 
VOL 5 
VOL 6 
VOL 7 
VOL 8 
VOL 9 
VOL 10 
VOL 11 
VOL 12 
VOL 13 
VOL 14 
VOL 15 
VOL 16 
VOL 17 
VOL 18 
VOL 19 
VOL 20 
VOL 21 
VOL 22 


BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 


July 1 999 to December 1 999 
January 2000 to June 2000 
July 2000 to December 2000 
January 2001 to June 2001 
July 2001 to December 2001 
January 2002 to June 2002 
July 2002 to December 2002 
January 2003 to June 2003 
July 2003 to December 2003 
January 2004 to June 2004 
July 2004 to December 2004 
January 2005 to June 2005 
July 2005 to December 2005 
January 2006 to June 2006 
July 2006 to December 2006 
January 2007 to June 2007 
July 2007 to December 2007 
January 2008 to June 2008 
July 2008 to December 2008 
January 2009 to June 2009 
July 2009 to December 2009 


five year 

DVD/CD-ROMs 

NOW available 


FIVE YEAR CD/DVD-ROMs 

No.1 - Jan ’03 to Dec ’07 
No.2 - Jan ’04 to Dec ’08 
No.3 - Jan ’05 to Dec ’09 
No.4 - Jan ’06 to Dec ’10 
No.5- Jan ’07 to Dec ’11 
No.6 - Jan ’08 to Dec ’12 

No.7 - Jan ’09 to Dec ’13 

No.8 - Jan ’10 to Dec ’14 


jJE: These DVD/CD-ROMs are suitable for use on any PC with a 
DVD/CD-ROM drive. They require Adobe Acrobat Reader (available 
free from the Internet - www.adobe.com/acrobat) 


WHAT IS INCLUDED 

All volumes include the EPE Online content of every listed issue. Please 
note that we are unable to answer technical queries or provide data 
on articles that are more than five years old. Please also ensure that 
all components are still available before commencing construction 
of a project from a back issue. 



VOL 23 
VOL 24 
VOL 25 
VOL 26 
VOL 27 
VOL 28 
VOL 29 
VOL 30 
VOL 31 
VOL 32 


BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 
BACK ISSUES - 



January 2010 to June 2010 
July 2010 to December 2010 
January 2011 to June 2011 
July 2011 to December 2011 
January 2012 to June 2012 
July 2012 to December 2012 
January 2013 to June 2013 
July 2013 to December 2013 
January 2014 to June 2014 
July 2014 to December 2014 


VOL 33: BACK ISSUES - 

January 2015 to June 2015 


BACK ISSUES DVD/CD-ROM ORDER FORM 

Please send me the following Back Issue DVD/CD-ROMs. 
Volume Numbers: 


Price £16.45 each, £29.95 for Five Year DVD/CD-ROMs 

includes postage to anywhere in the world. 

Name 


Address 


Post Code 

□ I enclose cheque/P.O./bank draft to the value of £ 

□ please charge my Visa/Mastercard/Maestro £ 

Card No 

Card Security Code .... (The last 3 digits on or just under the signature strip) 

Valid From Expiry Date . . . . . . . 

Maestro Issue No 


¥iSA 


SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU. 

Tel: 01 202 880299. Fax: 01 202 843233. 

E-mail: orders@epemag.wimborne.co.uk 

Payments must be by card or in £ Sterling - cheque or bank 
draft drawn on a UK bank. 

Normally posted within seven days of receipt of order. 
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ultra-low-current led flasher 



Fig.2. The clock’s guts - disassemble the clock until you can remove the circuit board (ar- 
rowed). Before you do so, take special note of the polarity of the battery connections and 
which solder pads connect to the solenoid coil 


Lafee ca le fe ects afe fun but 

THEY TAKE Tl E AND CAN BE E EN3 E 
SD Em ES YDU UST WANT A Ul CK 
FESULT AT LOW CDST HATS W HEFE THI S 

^REs OF Electronic Building Blocks 

TSIN EUS: CHEA A5CHI S CD D- 
NENTB BOUGHT DNU NE TD GET YDU WHEFE 
YDUWANTTDBE S HESE FD ECTS 

FaANGE FFEI AFEIUND TD UNDER A 

ER BARGAI NS 

Ultra-low-current LED flasher 

Here’s a project that ticks all the boxes 
- it costs nearly nothing, is very easy 
to build, and is extremely useful. So 
what is it? It’s an ultra low current LED 
flasher - but what use is that? 

Well, if you need to have a ‘power 
on’ indicator on battery-operated 
equipment, this LED will consume far 
less power than a conventional LED. 
That way, the ‘on’ indicator is contrib- 
uting only fractionally to flattening 
the battery. 

Or take an indicator that needs to 
provide a security warning - like the 
flasher now fitted to many car dash- 
boards or door cappings. Again, the 



Fig.l. Any small battery-powered clock can 
be used as the basis of this project. You can 
buy them new very cheaply or salvage the 
workings from a discarded clock 


requirement is for an indicator that 
takes very little current. 

Wherever you want to be able to find 
a camping lantern in a dark tent - just 
fit this flasher and you’ll always know 
where it is. And you can leave it flashing 
all night without taking any more than 
a tiny current draw from the battery. 


So, whatever warnings or indicators 
are needed, or if your requirement is 
for a flashing LED that can operate in 
a low-power environment, here is the 
LED flasher that you want. And best 
of all, it will take you only a few min- 
utes to build and should cost virtually 
nothing in parts! 


How long will it keep flashing? 


So, just how long will the Ultra-low-cur- 
rent LED operate? 1 can’t tell you - 1 
have just about given up waiting for the 
battery in the test unit to go flat. 

1 rigged up a clock module and LED 
with a couple of alkaline AA cells 1 had 
lying around. They were certainly not 
new - 1 think their combined voltage 
was about 2.9V. 1 started the LED flash- 
ing and then left it to its own devices, 
working 24 hours a day. 


After a week, it was still flashing 
happily. After another week - so over 
330 hours - it was still going. And the 
battery voltage? It had dropped only 
O.IV to 2.8V. 

Given that a new pair of AA cells will 
give a voltage of about 3.2 V, you can see 
that it is very likely that with new bat- 
teries, the LED would flash for months. 
Fit two D-cells and it may well flash 
for years. 1 told you it was low current! 
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Fig.4. Connect 3V to the original power terminals (use the correct 
polarity!) and solder an LED directly across the solenoid coil out- 
puts. Use flexible thin insulated wire for these connections 



Fig. 5. The completed LED flasher, ready for mounting in a box. The 
flasher will operate continuously for many weeks on a pair of alka- 
line AA cells. Used as a ‘power on’ indicator in battery-operated 
equipment, it draws only the tiniest of currents 


The building block 

The circuit board for this project is 
taken straight from a battery-operated 
clock. You can buy one new on-line for 
just a few pounds (and that includes 
delivery) or purchase one from a high 
street discount/Pound store. Or, you 
may simply have an old battery-oper- 
ated clock that you can recycle. 

Remove the circuit board from within 
the clock module. Carefully study (1) 
the polarity of the power connections 
to the board, and (2) the connections 
for the external solenoid coil that 
powers the clock mechanism. Many 
small alarm clocks also have a remote 
piezo buzzer - you don’t need this, so 
remove it by snipping its wires. 

Now it’s time to make this module into 
a flasher. Simply connect a high inten- 
sity LED to the solder pads that once 
went to the solenoid coil. Then connect 
a 3V source to the power connections, 
observing the original polarity. 

LED connection 

It doesn’t matter which way you con- 
nect the LED, and despite the clock 
originally being powered by 1.5V, it 
will work fine on 3V. But hold on! Tt 


doesn’t matter which way you connect 
the LED’ - how can that possibly be so?! 

The clock module outputs a pulse 
every second - one is negative-going 
and the other positive-going. The LED 
lights only when its connection polarity 
matches the direction of the pulse. Eur- 
thermore, because the pulse is so short 
and the internal current source appears 
limited, you can drive pretty well any 
high intensity LED directly from the 
output without using a current-limiting 
resistor. (If you are worried by that, you 
can of course insert a series resistor.) 

Flashing 

The LED will flash once every two 
seconds with a 31ms (millisecond) 
pulse - a duty cycle of just 1.56 per 
cent. (At a measured 20mA current, 
you can now see why battery life is so 
long!) If you want a faster flash rate, 
just parallel another LED in reversed 
polarity to the first. The LEDs will flash 
alternately, an LED lighting once per 
second. You can also use two different 
colour LEDs - for example, you can 
have a green/red flasher. 

Be very careful when soldering to 
the board. Always use small diameter 
flexible wires rather than 
solid-cored copper (as is 
used on the LED leads). 
If you don’t use flexible 
wires, it’s very easy to lift 
the solder pads off the 
board by bumping the 
connection. 

The LED you use can be 
as large as the 10mm de- 
sign used here, or as small 
as a 3mm unit. If you want 
a prominent warning, use a 
10mm LED and cover it in 


School project 

This is a project that’s great for a 
beginner in electronics - especially 
in schools with access to an oscillo- 
scope. (A scope? Try measuring: the 
length of the pulse, what polarity 
does it have, how frequently does 
it occur, and - more trickily - how 
much current does the LED draw?) 


a tube of semi-translucent plastic - 1 
used the cap from a thick marker pen. 

Conclusion 

It’s a great project, and in my household, 
where everyone can see the Test’ LED 
flasher happily beavering away, it’s be- 
come a conversation piece; ‘when will 
the battery finally give up the ghost?’, 
everyone asks. Anywhere you need 
a low-current ‘power on’ indicator or 
warning, it’s perfect. 

Next month 

Here’s another great project based on 
an off-the-shelf module that ticks all 
the boxes - a PIR Sensor Module with 
an adjustable relay output. All this is 
in our next super Electronic Building 
Block article. 



Next month - build this handy PIR Sensor 
Module with relay output 



Fig.6. A coloured cap from a marker pen can be used over the 
LED to give a more diffused glow 
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PCB SERVICE 




Basic printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service \fflOW7KtMIIXHimilEDMjIQJaiW DQG 
are drilled and roller tinned, but all holes are a standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole DQG ZffiDlHTXILH TdDV DQG W H FRP VRSMiqf W ER\K 

sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, where applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

All prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202880299; Fax 01202 843233; Email: orders@epemag.wimborne.co.uk. 
On-line Shop: www.epemag.com. Cheques should be crossed and made payable 
to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 

Back numbers or photocopies of articles are available if required - see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


r 



PRqBn"nTL£ 

CPD3KCC0E 

CCSY 

NCV14 

GPS Tracker 

05112131 

£13.15 

dk:i4 

PortaPAL-D - Main PCB 

01111131 1 


- Microphone Input 

01111132 

£33.94 

-Guitar Input 

01111133 J 

I 

Electronic Bellbird 

08112131 

£11.53 

JAN']5 

iiy 7IP |i6 wfflR$p sato 

01309111 


- Power supply 

18110131 

£11.80 

Audio Delay For PA Systems 

01110131 

£13.42 

Teach-In 2015 - Part 1 Pre-Amp 

905 

£9.33 

MAR(>I']5 



Stereo Echo & Reverb Unit 

Super Smooth, Full-range, 10A/230V Speed 

01110131 

£13.42 

Controller for Universal Motors 

10102141 

£11.80 

APRIL']5 

A Rubidium Frequency Standard For A Song 

04105141 

£8.02 

USB/RS-232C Interface 

07103141 

£7.48 

Teach-In 201 5 -Part 3 


£8.75 

MAY']5 

Deluxe Fan Speed Controller 

RGB LED Strip Driver 

Low-cost Precision 1 0V DC Reference For 

10104141 

£10.72 

Checking DMMs 

04104141 

£7.48 

JUINE']5 

Burp Charge Your Batteries 

14103141 

£13.40 

Teach-In 201 5 -Part 5 

907 

£8.55 

JULY']5 

L-o-o-o-n-g Gating Times For The 1 2-Digit 



High-Resolution Counter 


£11.55 

Threshold Voltage Switch 


£10.15 

Touch-Screen Digital Audio Recorder - Part 2 

01105141 

£13.70 

Nirvana Valve Simulator - Main PCB 


£15.05 

- Front Panel 


£8.30 

TempMasterMK3 

21108141 

£12.00 

Teach-In 201 5 - Part 7 

908 

£8.75 

SffT']5 

Opto-Theremin - Part 1 



- Main Theremin 

23108141 

£14.25 

- Volume Control Board 

23108142 


Mini-D Stereo lOW/Channel Class-D 



$XOR$PS(IMj 

01110141 

£7.45 

Wideband, Active Differential Oscilloscope Probe 



- Main PCB 

041071411 

^ £11.80 

- Screening PCB 

041 071 42 J 


^ PRQBn"nTl£ 

CPD3KC00E 

CC6T^ 


0CT']5 

Digital Effects Processor For Guitars 

And Musical Instruments 
Courtesy LED Lights Delay For Cars 
Teach-In 201 5 - Part 9 

01110131 

05109141 

909 

£8.55 

£10.70 

NCV']5 

The Currawong - Part 1 

- Main Board 

- Front Panel 

- Rear Panel 

48V Dual Phantom Power Supply 
Programmable Mains Timer With Remote Switching 

- Main Board 

- Front Panel 

01111141 

011111421 

01111143/ 

18112141 

19112141 

19112142 

£47.20 

£24.75 

£9.37 

£11.80 

DSZ'IS 

TDR Dongle For Oscilloscopes 
High-Energy Multi-Spark CDI For 

Performance Cars 

j 

04112141 

05112141 

£7.20 

£11.80 

JAN']6 

Isolating High Voltage Probe For Oscilloscopes 
The Currawong - Part 3 

- Remote Control Board 

04108141 

01111144 

£11.80 

Fffi']6 

Spark Energy Meter - Main Board 

- Zener Diode Board 

- Calibrator Board 

1 

05101151 1 
05101152/ 
05101153 

£20.75 

£7.50 

1 


* See NOTE left regarding PCBs with eight digit codes * 

Please check price and availability in the latest issue. 

A large number of older boards are listed on, and can be ordered from, our website. 

Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 

Where available, software programs for EPE Projects can be downloaded free 
from the Library on our website, accessible via our home page at: 

www.epemag .com 

PCB MASTERS 

3 &%P DVMVIRUERDlGVSXEaVKHGIlR^ WHO DGFK- IV\5(HRQZDIGVDIH 
available in PDF format free to subscribers - email fay.kearn@wimborne. 
co.uk stating which masters you would like. 


EPE PRINTED CIRCUIT BOARD SERVICE 

Order Code Project Quantity Price 

Name 

Address 

Tel. No 

I enclose payment of £ (cheque/PO in £ sterling only) 

to: 

Everyday Practical 
Electronics 


Card No 

Valid From Expiry Date 

Card Security No Maestro Issue No. 

Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 
http ://www.ep emag.com 
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CLASSIHED 


ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most economical price our 
classified page offers excellent value. The rate for semi-display space is £10 (- 1 - VAT) per centimetre high, 
with a minimum height of 2-5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
classified adverts is 40p (- 1 - VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 
113 lynwood Drive, Merley Wimbome, Dorset, BH21 lUU. Phone: 01202 880299. Pax: 01202 843233. 
Email: stewart.keam@wimbome.co.uk. Por rates and information on display and classified advertising 
please contact our Advertisement Manager, Stewart Ream as above. 


ADVERTISE HERE 

FOR JUST €50 +VAT 

CALL 

STEWART KEARN 
ON 01202 880288 

STEWART.KEARN@WIM80RNE.G0.UK 


VALVES ELECTRONIC 
Forfiill range Visit Sectioi t 

vMAAAtperttkJgeelecIron^ 


^ CANTERBURY WINDINGS ^ 

UK manufacturer of toroidal transformers 
(lOVAto 3kVA) 

All transformers made to order. No design fees. 
No minimum order. 

www.canterburywindings.co.uk 

L 01227 450810 j 


BOWOOD ELECTRONICS LTD 

Suppliers of Electronic Components 

www.bowood-electronics.co.uk 

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200 222 

Send large letter stamp for Catalogue 


Everyday Practical Electronics reaches more UK readers than 
any other UK monthly hobby electronics magazine^ our sales 
figures prove it. We have been the leading monthly magazine in 
this market for the last twenty-six years. 


MISCELLANEOUS 


EXTENSIVE FREE LIST of IC's available. 
Transistor list to follow shortly. Please con- 
tact Dennis, tel. 0191 2520361 


KITS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, C015 3RB, http:// 
sir-kit.webs.com 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 

PIC DEVELOPMENT KITS, DTMF kits and 
modules, CTCSS Encoder and Decoder/ 
Display kits. Visitwww.cstech.co.uk 
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Low Frequency Distortion Analyser 

Are you concerned about the quality of your 50Hz 230VAC mains supply? Would you like to measure 
the harmonic distortion of your loudspeaker system? This unitwill measure the distortion of a 50Hz/60Hz 
mains waveform (via an isolating transformer) or the distortion of any 3-20V sinewave signal over 20Hz-10kHz 
- for example, the output of a midrange or bass loudspeaker. 


PLUS! 

All your favourite regular columns from Audio Out and Orcu it Surgery to Electronic Building Blocks, PIC n' 
Mix and Net Work. 

APRIL '16 ISSUE ON SALE 3 MARCH 2016 


Appliance Insulation Tester 

Do you think all your 230V-powered tools and appliances are safe because they are double-insulated? 

If so, you could be in for a shock - literally! Or do you think you are safe because your home 
(or workplace) is fitted with RCDs (residual current devices)? Again, you could still be at risk of a severe 
electric shock. The only way to be reasonably sure about appliance and power tool safety is to test them 
regularly. That is where our Appliance Insulation Tester can help. 


Really Bright 12/24V LED Oyster Light 

Here's a low-cost, 1000-h lumen, attractive 'Oyster' LED light fitting for when you don't have mains 
available. Or even if you do! It runs from 12-24VDC or 230VAC with an optional (low-cost) mains adaptor. 


Teach-In 2016 - Part 3 

In March's Teach-In 201 6 we will look at displays and keyboards that can be used with the Arduino. We'll 
cover interfacing an alphanumeric LCD display; keypads and buttons; and in our programming feature. 
Coding Quickstart, we'll introduce strings and their manipulation. Finally, Get Rea/ will show you how to build 
a simple entry/access control system. 




Selling Ei^tmniam Chestemeldfor^^ 


Open Monday to Friday Sam to 5:30pm 
And Saturday 9:30am to 5pm 

• Aerials, Satellite Dishes & LCD Brackets 

• Audio Adaptors, Connectors & Leads 

• BT, Broadband, Network & USB Leads 

• Computer Memory, Hard Drives & Parts 

• DJ Equipment, Lighting & Supplies 

• Extensive Electronic Components 

- ICs, Project Boxes, Relays & Resistors 

• Raspberry Pi & Arduino Products 

• Replacement Laptop Power Supplies 

• Batteries, Fuses, Glue, Tools & Lots more. 


T: 01246 211 202 
E: sales@jpgelectronics.com 
JPG Electronics, Shaw’s Row, 

Old Road, Chesterfield, S40 2RB 
W; www.jpgelectronics.com 
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Digital printing 
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microchip 




microchipDIRECT offers access to the world's largest inventory of Microchip products 
and the most comprehensive online resource for pricing and support directly from 
MicrochipTechnology. We invite you as a valued Microchip customer to experience our 
service 24 hours a day, 7 days per week. 

Visit www.microchipDIRECT.com and enjoy the confidence and convenience of buying 
from microchipDIRECT and take advantage of the following features: 


► Direct stock from factory 

► Direct customer service 

► Secure ordering 

► Volume pricing 

► Credit lines 


► Long-term orders and scheduling 

► Programming and value add services 

► Ability to adjust open orders 

► Shiptoyour sites globally 

► Online order status and notifications 


microchip 



vilw w.i"k- I.. I i-ctIriBCJt.cam 


Microchip 

www.microchipDIRECT.com 
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CC2200 


LoRa 


iBeacon^ 


Glonass GPRS 




LoRa ™ Internet of Thin 


KCS has extended Iheir successful TraceME product line 
with an advanced module, targeted for worldwide mobility 
In the Internet of Things era. The latest development of the 
TraceME GPS/GPRS Track and Trace module will combine 
the BF location based positioning solution with the LoRa^'^ 
technology. This combination offers 'smart objects' being 
even smarter, since LoRa™ enables long range, battery 
friendly communication in a wide variety of (M2M] applications. 
Suj^orting GPRS/SMS and optional 3G, Wi-Fi, Bluetooth LE, 
ANT/ANT+ and iBeacon™ provides easy integration with 
existing wireless networks and mobile apps. Other variants in 
the hign/mid-range and budget-line will follow soon. 


NTI-THEFT module based on RF 


KCS TraceME product line offers an intelligent location based positioning solution 
for indoor and anti-theft applicalions.The solution is based on RF with an intelligent 
algorithm of measuring the propagation time of transmitted (proprietary protocor) 
signals. Unique features are: minimum size (46x2ixG.5mm), weight (7 grams for 
fully eouipped PCB) and a standby battery lifespan of more than 10 years.listen 
before talk' algorithm makes it practically impossible to locate the module, which 
secures the valuable vehicle or asset. Supporting GPRS/SMS and optional 3G, 
Wi-Fi, Bluetooth LE, ANT/ANTh- and iBeacon provide easy integration with existing 
wireless networks and mobile apps. 


All trademarkfi mentioned herein belong b their respective owners. 






